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ABSTRACT 
This thesis investigates different aspects of the relationship between economic 
growth and mainstream macroeconomic variables, using time series data. The time 
series data is used to attempt to incorporate the major characteristics of the Libyan 
economy for the period 1962 to 2009 into a macroeconomic model, one objective of 
which is to estimate the relationship between the three mainstream macroeconomic 
variables: RGDP, inflation and unemployment, by using some extensions to Okun’s 
Law (1962), Phillips curve (1958), and the Cobb–Douglass (1928) and Solow (1956) 
growth models. Using a recent econometric approach of co-integration, Vector Error 
Correction Mechanism (VECM), Generalised Method of Moment (GMM), Ordinary 
Least Squares (OLS) and Impulse Response Function (IRF), we can estimate an 
extended production function to analyse the long-run growth effects of important 
macroeconomic factors such as inflation, oil revenue, foreign direct investment, trade 
openness and government expenditure. 
The Libyan economy, like that of other developing countries in North Africa and the 
Middle East, has been subject to a multitude of structural changes, as well as of the 
fluctuation in oil prices during the sample period. Thus, after applying conventional 
unit root test like ADF and Phillips–Perron (PP), we find structural break in the time 
series selected. 
The Chow test (1960) for the presence of one or two structural breaks in data is 
considered appropriate for this study. The analysis is divided into two time series to 
get the best results for the models by employing different techniques of econometrics 
such as co-integration, VECM, GMM, OLS and IRF. The results show that there is a 
relationship between RGDP, inflation and unemployment. Additionally, the 
  
 
xiii 
determinants of total factor productivity (TFP) are found to vary from one phase to 
another, and both foreign direct investment and open trade have a positive effect on 
both long-run and short-run growth in the Libyan economy. 
The empirical findings of this thesis indicate that in order to achieve high and stable 
economic growth and protect the economy from the negative effects of oil price 
fluctuations, the Libyan government should continue its quest for more efficient and 
effective non-oil export promotion policies as well for diversification strategies 
aimed at weaning the economy from its dependence on the oil sector.    
Economic growth has become an important aim for almost all countries in the world; 
it is of particular concern for developing countries, which need more growth in their 
RGDP. This study uses time series data from 15 countries from the Middle East and 
North Africa (MENA) from 1970 to 2010, adding to the growing literature on the 
issues of economic growth by throwing light on the Cobb-Douglas production 
function (1928). To find the stationarity of the variables selected, the Dickey-Fuller 
test is utilised with the Generalised Least Squares (Df-GLS) unit root test to deal 
with unknown structural breaks in data. Co-integration, VECM and IRF are 
employed to estimate the production function in the short and long run. The results 
show there is a relationship between the effects of capita and labour on growth in 
some MENA countries. In addition, the growth of capital in some oil-exporting 
MENA countries is growing faster than the labour supply in contrast to the situation 
in the non-oil exporting countries.  
Further analysis and research is necessary into these methodological issues, which is 
beyond the scope of a single contribution. 
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factor productivity, panel data, time series, system GMM, OLS, unit roots, co-
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 CHAPTER 1
INTRODUCTION 
1.1 Background and motivations of the thesis 
Growth is one of the most important research topics in most modern economics. 
Thus, it is important to analyse the relationship between economic growth and its 
aggregate factors such as inflation and unemployment in the long and short run. It is 
particularly important to find the determinants of long- and short-run growth in 
Libya. Moreover, it is important to compare the production function of Libya with 
the Middle East and North Africa countries (MENA).
1
 
Recent work on economic growth in Libya has noted that the country experienced 
generally high growth rates until the 1980s and suffered a long-term slowdown 
afterwards (for a recent study, see Yousef, 2004). Although many other developing 
countries have also encountered slowdowns since the 1970s, the post-1980 decline in 
MENA countries was typically much more pronounced and far longer lasting. 
Although per capita income in MENA had reached levels well above the developing 
country average, that advantage eroded quickly after the 1980s. The pattern of boom 
and bust in MENA seems to be positively related to movements in oil price.  
Since 2013, the economic growth has been slowing, unemployment has been rising, 
and inflation has been on the rise in Libya. Short-term policy actions such as 
increasing public sector wages and subsidies aimed at reducing social tensions may 
                                                 
1
The World Bank identifies 19 countries to be a part of MENA county group. Our study focuses on 15 
countries from the Middle East–North African region: Algeria, Bahrain, Egypt, Iran, Israel, 
Jordan, Kuwait, Libya, Morocco, Oman, Qatar, Saudi Arabia, Syria, Tunisia and UAE. We 
exclude four countries in MENA region: Palestine, Lebanon, Yemen and Iraq to limited 
availability of data for these countries.  Again, for the same reason, in our study we also exclude 
other countries having similar socio economic characteristics such as Djibouti and Sudan.  
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not be effective due to long-standing structural weaknesses including labour market 
rigidities and infrastructure deficiencies in the Libyan economy. Egypt, Tunisia and 
Libya face an unstable political and macroeconomic environment, as the growth has 
further slowed down after the recent revolution popularly known as “Arab Spring”.  
The “Arab Spring” was a grass roots movement against the ruling elittes who failed 
to address the structural problems including high unemployment and inflation, faced 
by these countries. 
Existing literature on the economic growth of Libya, developed mainly by Abohobiel 
(1983), Abosedra (1984), Yousef (2004) and Moosa (2008), has many gaps. To the 
best of my knowledge there has been no study that investigated the relationship 
between the three important macroeconomic variables (economic growth, 
unemployment and inflation) in the Libyan context. Hence, the study carried out in 
this thesis attempts to bridge this gap in the economic growth literature for Libya. 
Many useful models have been developed for work on growth theory, including 
Okun’s Law (1962), the Phillips curve (1958), the Cobb-Douglass production model 
(1928) and the Solow growth model (1956). The most useful are perhaps Okun’s 
Law and Phillips curve to find the relationships between growth of GDP and the 
growth of unemployment, inflation and unemployment, and GDP and inflation. 
Okun’s Law described the relationship between unemployment and output growth, 
finding an increase of 1% in unemployment led to a fall of about 2% in the real gross 
domestic product (RGDP) growth of the US economy. This relationship can be 
investigated by two models, the growth model and the gap model. Phillips curve 
(1958) established the relationship between inflation and unemployment in the US 
economy. It shows a trade-off between the rates of inflation and unemployment. A 
  3 
third relationship, between RGDP and inflation, was considered by Lucas (1973), 
who found a trade-off between nominal GDP growth and inflation using OLS. 
Total factor productivity (TFP) is the growth of efficiency (containing among others 
the effect of technology) causing long-run GDP growth (examples are Denison 1962; 
Mankiw, Romer & Weil 1992). These growth accounting analyses were often 
performed for a set of heterogeneous countries, for which they calculated the effect 
of variables such as physical capital, the labour force, natural resources, and TFP on 
economic growth. As a consequence, it was found that (institutional) differences 
among countries could have a serious impact on the estimated parameters. For 
example, it is hardly imaginable that capital accumulation is as efficient in 
developing countries as in developed countries. This may lead to different 
coefficients across developing countries. This led other economists to put more 
emphasis on cross-country differences.  
The literature looking into the relationship between the macroeconomic variables 
such as inflation, unemployment rate and growth in Libya is scant. The literature 
suggests that the key macroeconomic variables determining growth in Libya are 
foreign direct investment, trade openness, the ratio of export and import and 
government expenditure. Since the 1970s, growth in Libya has been lead by the oil 
sector which has played a crucial role in the economic development of the country, 
and we can anticipate that this will continue over the coming years. In this thesis we 
study other important sources of economic growth which may help the policymakers 
to make an informed decision regarding the facors that help or hinder economic 
growth.   
  4 
Abramovitz (1986) argues that in the USA the importance of physical capital for 
economic growth declined in favour of TFP in the mid-nineteenth century. Although 
researchers were aware of the importance of cross-country differences in economic 
growth, it was often not accounted for in empirical research. This was largely caused 
by lack of data, especially for developing countries.  
In addition labour and capital institutional factors also contribute significantly to 
economic growth. Acemoglu et al. (2005) find that political institutions and the 
distribution of resources vary over time due to the effect of pre-existing economic 
institutions on resource distribution as well as the desire of groups who currently 
have de facto political power to increase their de jure political power by changing 
political institutions. The authors find that economic growth-encouraging economic 
institutions are those that possess political institutions that allocate power to groups 
whose interests lie in several areas.  
Stressing the importance of education, Barro (1997) argues that investment in human 
capital in the form of secondary and higher education has significant effects on 
potential rates of growth. The better and more highly trained the work force; the 
more productive it will be in helping to enhance the rate of annual real output in a 
society. At the same time, the lower the rate of population increase relative to the 
rate of growth in the capital supply, the more capital can be invested per worker to 
increase the average output of each member of the work force. In this study we use 
average years of schooling in primary, secondary and tertiary education as a proxy 
for human capital formation. Furthermore, in this study we intend to find out whether 
the slowdowns in physical capital and investment in Libya may have been driven by 
reduced education effort. 
  5 
This study will clearly emphasise the aforementioned effects and extend the existing 
literature to capture short-run and long-run effects, including those from human 
capital stock accumulation and capital stock. Additionaly, it will investigate the 
intraction between the three main macroeconomic variables and their effect on 
economic growth. The contribuations of this study along with other amendments to 
the existing models is discussed in more detail in Chapters 4, 5 and 6. 
1.2  A General View of the Libyan economy from 1962 to 2013 
The economic growth is conventionally characterized by increases in real GDP or 
real GDP per capita that occur over the long-term (Jackson & McIver 2001). Stern 
(1991) describes economic growth to be determined by supply side factors such as 
physical capital accumulation, acquisition of skills, discovery new ideas, and 
population growth. It is important to note that countries experience diverging growth 
paths due to both cross country and country specific factors. The cross country 
factors that effect growth can be explained by the commonly used variables in most 
cross-country growth studies. However, this thesis will focus on country-specific 
aspects. It begins in the first three chapters with an historical analysis of the growth 
path and underlying causes of growth in Libya. The study done in this thesis will 
inform policy makers about the relationship between key macroeconomic variables 
and sources of growth in Libya. Due to data limitations the analysis in this thesis 
covers the period between 1962 and 2010. An attempt was made to obtain more 
recent data on Libya but due to the ongoing civil conflict and consequent political 
instability in the country it was not successful.  
Libya is a small oil producing country located in North Africa. Several countries in 
the region including Libya have made significant progress in reforming their 
  6 
economies, and have the potential to catch up with developed countries in the region 
such as United Arab Emarates, Qatar, Jordan and Saudia Arabia.  
Libya is generously endowed with energy resources which have been a very 
important source of its growth. Its economy has been historically adversely affected 
due to its political instability which had resulted in a high rate of inflation, a balance 
of payments’deficit, labour market problems (for example, wages freeze was 
imposed in 1980
2
),  and low growth of employment and real GDP. 
The Libyan economy has been subjected to numerous shocks and regime shifts, such 
as (i) In September 1969 the new revolutionary government implemented policies to 
transform the economy from being capitalist-oriented to being socialist-oriented,  (ii) 
the 1973–74 oil shock, (iii) the destructive eight-year (1980–1988) war with Chad, 
(iv) the volatility of the international oil market, (v) economic sanction imposed by 
US and United Nation from the early 1990s
3
 which resulted in the freezing of the 
country’s foreign assets, and (vi) the recent (begining February 2011) and ongoing of 
civil war. All these shocks have a negative impact on the employment and economic 
growth in Libya.  
In March 1990 the Libyan government embarked upon an exchange rate unification 
policy to merge the multiple exchange rate regimes into a single equilibrium rate 
through a massive intervention by the Libyan Central Bank. The following 
                                                 
2
 In 1977 Gaddafi regime introduced the concept of “people’s power” and enacted economic policies 
to restrict private sector activities. By 1984 most private commercial transactions in the retail and 
wholesale sectors were deemed to be illegal. In 1980 Libya’s congress enforced a law ( No.15) 
that froze salaries and wages of public sector employees. 
3
Because of the bombing of Pan Am 103 in Lockerbie crisis. For more details see; 
http://www.refworld.org/cgi-bin/texis/vtx/rwmain?docid=3b00f15a2c. 
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paragraphs highlight some facets of the Libyan economy during the period 1962-
2009.  
Libya’s economy can be described as a socialist type, centrally managed, and relying 
primarily on the oil export revenue which in fact is its major foreign exchange earner 
and contributes over half of the nation’s RGDP. Libya manages to achieve one of the 
highest per capita incomes in Africa, because of its low population and large oil 
reserves (Yousefi, 1994). Since the removal of the UN sanctions, Libya has achieved 
very favourable growth rates: in 2010, it was estimated at 8.1%. The Libyan 
economy is still described as having very high levels of interdependence with the 
international market, especially in trade exchange. It is heavily dependent on oil 
export (Abohobiel, 1983). However, like other oil-dependent nations, there has been 
pressure on the country to diversify because of uncertainties in oil prices and issues 
of global warming. All these have had negative impacts on the creation of new jobs, 
leading to unstable economic growth (Dessus & Eisenmann 1999).  
Given unstable oil prices, the country has had to invest in other sectors of the 
economy in an effort to achieve economic diversity. This is a security measure: 
should one industrial sector fail, the country will not collapse but can sustain itself on 
the other sector (Abohobiel, 1983). Economic diversification in Libya is bringing 
beneficial outcomes in that the country is beginning to achieve sustainable 
investment in the non-petroleum industry sector, particularly manufacturing and 
agricultural practice. The main economic development objective of Libya is to 
achieve greater diversification in capital, products, and imports, the non-oil sector 
and raw material, it is likely that the economy will be self-sustainable and will grow 
at high speed, like other emerging economies (Bergs 2004). 
  8 
Despite the significant contribution of the oil sector to the Libyan economy it may 
also have had an adverse consequence upon non-oil tradable sectors, suggesting the 
existence of the so called Dutch Disease effect. That is, a boom in one tradeable 
sector, such as oil, contributes towards a contraction of other non-booming tradable 
sectors such as the manufacturing sector. The booming sector economies and the 
Dutch Disease theory have attracted a remarkable amount of work during 1980s (see 
for example, Corden and Neary, 1982). 
A boom in the natural resource sector gives rise to a ‘resource movement effect’, 
drawing labour and capital into the natural resource sector and a ‘spending effect’, 
where the increased income from natural resources leads to extra spending on non-
tradable goods and raises their price. Both effects cause factor prices to rise and the 
real exchange rate to appreciate, ‘crowding-out’ exports of manufactured goods 
(Corden and Neary, 1982). 
The capital goods sector will be critical to this process in the near future, now that 
diversification is progressing in the wake of the nation’s improved diplomatic 
relationships. As a developing nation, Libya faces many challenges in its attempt to 
achieve a stable economy (Nabli, 2004); however, the facts that it has a very low 
population density and vast volumes of natural resources like natural gas and oil, 
work for its benefit. The effectiveness of the nation’s diversification plans can be 
seen from the fact that the contribution of the manufacturing industry to the nation’s 
RGDP was only 5% in the 1970s but had risen to 15.2% by 2005; the contribution of 
the agricultural sector to the GDP increased from 6% in the 1970s to 9% in 2005. 
These changes seem small but the RGDP per capita rose spectacularly, from 4,380 
US dollars to 44, 820 US dollars, between 1970 and 2005 (Finger & Kreinin 2007).  
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The nation’s value of import rose significantly as the RGDP increased, to climax in 
1975 at 28.5% and settling at 18.5% in 1980s. With the UN sanctions in the 1990s 
the country’s economy almost collapsed when its capital abroad was frozen. The 
GDP export ratio reduced to 16.11%. The value of imports increased significantly, 
becoming very expensive for the nation (Bahgat, 2004). 
Libya faces an unemployment rate estimated to be 30 per cent in 2010. This high 
unemployment rate is particularly prevalent among the younger generations. 
Inflation is also a problem for the Libyan economy which is currently at 10.4 per 
cent in 2010 (IMF, 2010). 
1.3 Objectives and research questions 
The primary objective of this study is to investigate various aspects of the economic 
growth and its determinants in Libya. Additionally, this thesis attempts to (i) analyse 
the relationship between fundamental macroeconomic variables such as economic 
growth, and unemployment for the Libyan economy, (ii) estimate the impact of 
determinants of long-run growth, and (iii) the estimation of production function for 
the selected MENA countries. Time series data from 1962 to 2010 used for Libya 
and from 1970 to 2010 for other MENA countries.  
The first objective is to empirically estimate the relationship between the three main 
macroeconomic variables: CPI, RGDP and unemployment in the long run and the 
first differences of these variables in the short run for Libya.  
The second motivation is to estimate total factor productivity, and the key variables 
that determine long-run economic growth in Libya. This study is developed from the 
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existing literature on the economic growth and aggregate of production function in 
Libya. 
The third motivation of this thesis is to compare the short-run and long-run 
relationship between real GDP and the inputs (capital and labour) for Libya with 
other MENA countries. The reason we compare Libya with other MENA countries is 
because Libya shares geographical, cultural and historical similarities with these 
countries.  
This study attempts to fill gaps in the present literature. It aims to extend existing 
knowledge by using both analytical and quantitative methods to achieve its 
objectives. In the following two empirical chapters, as shown in the chapters outline, 
the focus will be on the Libyan economy first, followed by testing the production 
function for selected MENA countries. It is expected that this study will shed more 
light on the macroeconomic factors of economic growth in Libya and selected 
MENA countries.  
This thesis aims to analysis the following research questions: 
RQ1: Is there any relationship between economic growth and unemployment in 
Libya in the short and long run? 
RQ2: Is there any relationship or trade-off between inflation and unemployment in 
the short and long run for the Libyan economy? 
RQ3: Is there any relationship between inflation and real gross domestic product in 
the short and long run for the Libyan economy? 
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RQ4: What should Libya do to enhance its long-run growth rate, and what are the 
determinants of economic growth in Libya? 
RQ5: What are the estimated parameters (physical capital and labour) of the 
aggregate production function of selected MENA countries? 
In an attempt to answer these questions, the following objectives are formulated: 
 To identify a model that allows us to determine the dynamic linkages between 
RGDP and unemployment, inflation and unemployment, and RGDP and inflation 
in Libya.  
 To identify and explore the factors responsible for TFP growth in Libyan 
economy by using the theoretical framework of the Solow growth model (1956) 
and growth accounting (Solow 1957). 
 To estimate the determinants of total production function in the long and short 
run for the Libyan economy. 
 
The following techniques will be employed:  
 Evaluating the impact of structural breaks on Libya’s macroeconomic time series 
data. 
 Introducing the Cobb-Douglass (1928) growth accounting to estimate the 
parameters of production function for the long-run and short-run relationships 
frameworks for Libya and MENA.  
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 Applying co-integration techniques to examine and identify the long-run 
relationship between the expansion of economic growth, unemployment and 
inflation. 
 Establishing a dynamic Error Correction Model (ECM) in order to determine the 
short-term equilibrium model between inflation, unemployment and output. To 
get further support and to test the robustness of our results, the final set of 
regressions will be run using the Generalised Method of Moments regressions 
System (GMM) and OLS. 
 Using the impulse response function to show the response of dependent variables 
in the VAR system for the estimation of production function. 
1.4 Assumptions of the study  
Libya has experienced remarkable economic growth and high per capita GDP for the 
last four decades, which has led to substantial improvements in most economic and 
social indicators. Questions therefore arise: What were the main engines of growth? 
What was the cause of growth in unemployment? 
This study is based in the following assumptions: 
 The Libyan economy will continue to depend on oil revenue, and its exports 
will demonstrate a sizeable effect on the growth of GDP. 
 Fluctuation in oil prices will affect the achievement of steady growth in the 
Libyan economy. 
 There is a linkage between the price of oil and the growth of employment, 
which is related to economic growth. 
 There is a relationship between fluctuations in inflation and unemployment. 
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 A factor accumulation in some MENA countries has a significant effect on 
economic growth.  
The Libyan economy has been subjected to numerous structural breaks, which have 
had a significant effect on the time series properties of the data, e.g. unit root tests 
and co-integration results. 
1.5 Econometrics methodology and data collection 
This study uses different economic growth models and econometric methodologies 
to investigate non-stationarity and co-integration in time series data for Libya and 
MENA from 1962 to 2010. In order to test for non-stationary of the data employed in 
this research, both conventional unit root tests such as Phillips and Perron (PP), 
augmented Dickey Fuller (ADF), KPSS and DF-GLS tests are conducted to 
investigate the degree of integration of the variables used in the empirical analysis. In 
order to determine any long-term relationship between variables, this study applies 
Johansen co-integration tests and some new co-integration techniques. Finally, in 
order to identify long-run as well short-term relationships, the Error Correction 
Model (ECM) version of the Vector Autoregressive model (VAR) is applied. By 
applying several different econometric techniques, this research can achieve more 
robust results; in addition, using these new co-integration techniques in the face of 
structural breaks provides more efficient short-run and long-run coefficient estimates 
and avoids the problems of a potentially spurious regression. Additionally, we utilise 
the GMM model for estimating the relationship between inflation, RGDP and 
unemployment.  
The existence of a long-run relationship between RGDP and the growth of 
employment in Libya, and the production function for selected MENA countries are 
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tested by using the co-integration technique developed by Johansen (1988) and 
Johansen & Juselius (1990). 
The Vector Auto-Regression Model (VAR) and Error Correction Model are 
estimated using macroeconomic variables for the state of Libya. The variables 
consist of one endogenous shock measured by oil prices. Other key macroeconomic 
variables are RGDP, growth of employment, rate of unemployment consumer price 
index and GDP. 
Single and simultaneous-Equations models are developed and tested to examine the 
relationship between output and employment in the Libyan economy. These models 
are also used to forecast the determinants of TFP of Libya under various scenarios.  
This thesis can achieve more robust results by applying several different econometric 
techniques to estimate short and long-run relationships. To do this, Johansen Co-
integration, Error Correction technique, GMM, OLS and IRF are utilised. The 
presence of structural breaks provides more efficient short-run and long-run 
coefficient estimates, avoiding the problems of a potential ‘spurious regression’. 
1.5.1 Estimating the long-run and short-run relationships 
As the research objective is to study the relationship between economic growth and 
employment, it tests the relationships in three steps: i) verifying the order of 
integration of the variables since the causality tests are valid only if the variables are 
in the same order of integration; ii) testing for co-integration to evaluate the long-run 
relationship; and iii) if a long-run relationship does not exist, evaluating the short-run 
deviation from the long-run equilibrium position. Here, the study finds the 
relationship between economic growth, employment and inflation. The relationship 
  15 
is studied at the macroeconomic level and then the relationship between employment 
and RGDP from the perspective of different sectors is evaluated. 
1.5.2 Unit root test 
To evaluate the relationship, the first step is to verify the order of integration of the 
variables since the causality tests are valid only if the variables have the same order 
of integration. Standard tests for the presence of a unit root will be based on PP, ADF 
and KPSS tests to investigate the degree of integration of the variables used in the 
empirical analysis. The null hypothesis of the ADF and PP tests is that the series has 
a unit root, while the null hypothesis of the KPSS test is that the series is stationary.  
The period with which we are concerned has seen some turbulent times, such as the 
strong external shock from the oil embargo in 1973. Following the sharp decrease in 
oil prices in 1980 the economic behaviour of Libyan economy changed radically, and 
did so again after the economic sanctions imposed by the UN in 1999. As it is 
important to check data for structural breaks, we follow Sadorsky (1999), who uses 
the testing procedure of Zivot & Andrews (1992). In this, the null hypothesis is a unit 
root process without any structural breaks and the relevant alternative hypothesis is a 
trend stationary process with possible structural changes occurring at an unknown 
point in time.   
1.5.3 Co-integration 
Co-integration tests allow us to examine long-run co-movements or relationships 
among unemployment growth and RGDP growth and RGDP and inflation, then the 
relationship between inflation and unemployment during 1962–2009. The idea 
behind co-integration tests is that there may be common forces that co-move the 
variables over time. If the variables are co-integrated, they tend to move together in 
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the long run, but experience short-run transitory deviations from this long run 
relationship (Cochrane, 1994). A co-integrating relationship is seen as a long-term or 
equilibrium phenomenon, since it is possible that co-integrating variables may 
deviate from their relationship in the short run, but their association ultimately 
returns in the long run. Biondini & Mccrae (2003) point out that the technique of co-
integration allows the simultaneous investigation of both the long-run relationships 
and the short-run dynamic adjustments to them. 
1.5.4 Error Correction Model (ECM) 
Vector Error Correction Models (VECM) are used to check for the short-term 
relationship among the dependent and independent variables, the variables are 
subjected to estimate the specifications stated in different models by including 
dummy variables, the number of lags and the deterministic trend assumption are used 
in the co-integration test, and to specify a VECM.  
1.5.5 Impulse Response Function (IRF) 
The impulse response function shows the response of dependent variables in the 
VAR system to shocks in the error terms. Shocks or changes will alter the dependent 
variable in the current as well as in future periods. Since the dependent variable 
appears in the regression with independent variables, changes in the error term also 
have an impact on independent variables. In other words, an impulse response 
analysis demonstrates how long and to what extent variables react to unanticipated 
changes among one of them. The transmission of shocks among the variables is 
investigated using the generalised impulse response analysis developed by Koop et 
al. (1996) and Pesaran and Shin (1997). 
  17 
1.5.6 Generalised Method of Moments (GMM) 
The thesis describes the Generalised of Method of Moments regression system 
(GMM) estimator in Chapter 4. This method was developed by Arellano and Bover 
(1995) and Blundell and Bond (1998). The idea behind this method is to estimate a 
system of Equations in both first-differences and levels, where the instruments used 
in the levels Equations are lagged first-differences of the series. The aim of using this 
method is to comparing the results obtained by OLS.  
1.6 Data and sources  
We use time series data and the period of analysis will be from 1962 to 2009, during 
which time a number of important economic development plans were started in 
Libya. It also includes the oil boom and post-oil boom periods, and other important 
events which took place during the 1980s and 1990s such as embargos and sanctions 
imposed by the USA and UN. Different local and international sources for data are 
used: 
Central Bank of Libya (CBL), Economic Bulletin: http://www.cbl.gov.ly/en/ 
Secretariat of the General People’s Committee for Planning 
National Authority for Information and Documentation: http://www.gia.gov.ly/ 
OPEC Annual Statistical Bulletin: http://www.opec.org/ 
International Monetary Fund (IMF) 
World Bank (WB), and Penn World Table 5.6 (PWT 5.6) 
Key Indicator for Labour Market (KILM) 
Barro and Lee (2010) for educational attainment data (average years of schooling for 
primary, secondary and tertiary). 
  18 
1.7 Contribution of the study 
The primary objective of this study is to investigate the nature of economic growth in 
Libya and to identify its major determinants in the short and long-run. The literature 
on economic growth indicates a lack of comprehensive studies on this subject in 
Libya. This study undertakes to fill this gap by providing empirical evidence of the 
various aspects of the labour market in the state of Libya. The previous sections have 
discussed historical trends in growth and employment, and while the growth has 
been impressive, we will see whether employment matched it in the period 1962–
2009. This study deals with Libya’s macroeconomic variables and how they might 
have influenced employment outcomes. The findings will assist policymakers to 
understand some aspects of labour market deficiency. This is an important study 
because currently Libya is at a turning point, both economically and politically.  
1.8 Chapter outline 
This introduction outlines the aims and objectives, and the importance of the study of 
growth of RGDP, inflation, unemployment and the production function of Libya and 
MENA.  
The literature review in Chapter 2 reviews the empirical literature pertaining to 
economic growth and examines the relationship between the main macroeconomic 
variables such as inflation, output and unemployment for Libyat. It reviews both the 
theoretical basis of economic growth and employment as well as empirical 
econometric studies which measure the macroeconomic impact of economic growth. 
The various definitions of growth and the difficulty in the measurement of some 
unobservable variables such as potential GDP and unemployment are noted in this 
chapter. The literature review is segregated in two parts; empirical literature is 
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discussed in Chapter 2 and the relevant theortical literature review is presented in 
each of the three subsequent chapters. 
An overview in Chapter 3 reviews Libya’s economic performance during the period 
1962–2010, and provides a historical background and general picture of the main 
features of the Libyan economy; the sectoral composition of the Libyan GDP is also 
highlighted. The review reveals that the country has undergone a number of 
structural changes, following political shocks such as the international sanctions 
imposed by the UN in the mid of 1990s and economic shocks such as the number of 
huge fluctuations in the price of oil. 
Chapter 4 deals with output, unemployment and inflation in Libya, using different 
econometric methods such as Co-integration, VECM, OLS and GMM. We use Chow 
test (1960) to test the existence of structural break time. It uses time series data to 
investigate the relationship between real gross domestic product and unemployment, 
real gross domestic product and inflation, and inflation and gross domestic product, 
finding the determinants of TFP. 
The main question this chapter seeks to address is whether there are trade-offs 
between RGDP and unemployment and inflation and unemployment at a 
macroeconomic level. The second issue addressed is whether a relationship between 
inflation and RGDP exists for this country. Finally, a robustness check of the main 
result is carried out using alternative estimators OLS and GMM. 
Chapter 5 considers the determinants of the long-run growth rate in Libya. It 
develops a theoretical Solow model for productivity determinants in developing 
countries following the advice and recommendations of Senhadji (2000), taking into 
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account the effects of reforms in 1973 and 1981. The key macroeconomic variables 
that may affect economic growth in Libya, and the behavioural Equations, are tested 
for stationarity and non-stationarity. The econometric method for estimating the 
share of physical capital and human capital are based on estimating an aggregate 
production function. 
Chapter 6 tests growth theory using existing production functions for 15 MENA 
countries which have complete data for all variables. We selected those countries, 
including Libya, to estimate the relationship between the three important 
macroeconomic variables, and the production function for each country. The 
objective is first to examine the main source of growth in these countries by applying 
the Cobb-Douglas specification, second to check the robustness of any relationship 
that may exist in the short and long run by applying ECM and IRF and third to 
compare the results obtained for Libya with those obtained for other MENA 
countries. 
Chapter 7 summarises and concludes the thesis generally, and offers 
recommendations that would help policymakers in Libya and MENA countries.  
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 CHAPTER 2
LITERATURE REVIEW 
2.1 Introduction 
Many researchers have devoted their time and skills to examining the relationship 
between economic growth, employment, inflation and production function. Large 
disaggregated macroeconomic models have been considered to shed more light on 
the growth of the economies that they are describing than highly aggregated models. 
Macroeconomic models are useful in empirical studies of the structure of economies 
and provide a better basis for the study of various government economic policies. In 
addition, they tend to be more reliable in forecasting economic activities than are 
small macroeconomic models.  
For economists, a theory is a systematic explanation of the functioning of economic 
systems or the behaviour of individuals and collectives, as well as of the influence of 
exogenous factors. As a rule, theories improve our understanding of the real world 
and provide a conceptual basis for policy-making. However, reality is complicated 
and so a simple model cannot include all critical variables; nor can any single theory 
consider all factors influencing economic growth. 
Because of the limited literature on the economic growth in Libya and MENA, many 
gaps exist. In particular, no attempt has been made to examine the relationship 
between RGDP, inflation and employment for Libya, or for MENA countries. 
To test the production function for MENA countries, for instance, a number of 
researchers (Abohobiel (1983); Keller & Nabli (2002); Nehru & Dhareshwar (1993); 
Senhadji (2000); Yousef 2004) focus on growth and economic performance in Libya 
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and MENA. The most important gap relates to the relationship between the main 
fundamental macroeconomic variables such as RGDP, inflation and unemployment. 
This chapter reviews the literature on: (i) economic growth in Libya, (ii) the 
relationship between unemployment, inflation and unemployment in Libya, (iii) the 
determinants of TFP in Libya and (iv) on economic growth in MENA region, and it 
ends by summarising existing gaps in the literature and highlighting the contribution 
this study hopes to make towards closing some of these gaps.  
2.2 Output, unemployment and inflation 
Many studies have investigated the interdependence of the three macroeconomic 
phenomena, inflation, output and unemployment. We will deal with each pair in turn. 
2.2.1 GDP and unemployment 
Several existing empirical studies have examined the nature and characteristics of 
employment situations in developed and developing countries in general and MENA 
in particular. However, most of those dealing with employment in Libya adopt a 
macroeconomic perspective, focusing on the evolution of labour demand and supply 
in the context of sustained growth. Moosa (2008) tested Okun’s proposition for 
Egypt, Tunisia, Morocco and Algeria and found that unemployment and output were 
unrelated and statistically insignificant.  
When Swane and Vistrand (2006) examined the relationship between GDP growth 
and employment in Sweden using the employment population ratio as a measure of 
the extent of employment generation, they found a significant and positive 
relationship between GDP and employment growth. This finding supports the strand 
of theories suggesting that a positive relationship between GDP and employment is 
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normal, and that any observed anomaly in unemployment might be a temporary 
deviation. They suggested further research on the causal relationship between 
employment and GDP. Walterskirchen (1999) also analysed the link between 
economic growth and the labour market in the European Union (EU) to test the 
relationship between economic growth, employment and unemployment, using time 
series analysis for individual countries. For all the countries panel data was used. 
Results showed a strong positive correlation between GDP growth and change in the 
level of employment. 
Sawtelle (2007) estimated and compared elasticity for fourteen industrial sectors of 
the USA with respect to changes in RGDP during the ten year period 1991–2001. 
The study estimated two models of employment determination for the aggregate 
economy: one related employment to RGDP while the other related employment to 
several other macroeconomic variables such as RGDP, GDP per capita, interest rate, 
and civilian labour force, which together with RGDP affected employment. 
Yogo’s (2008) theoretical and empirical survey of the link between employment and 
growth in sub-Saharan Africa countries raises three interesting points. First, the 
employment issue in sub-Saharan Africa is more a matter of quality than of quantity. 
Secondly, no reason for weak employment performances could be found in the 
labour market institution. Third, the observed increase in working poor could be 
explained by slow economic growth and low labour demand. 
Rawski (1979) studied the relationship between economic growth and employment 
in China. The author found that China achieved major progress toward full 
employment during the 1970s. This occurred in a time of substantial labour force 
growth, a trend toward capital deepening in industry, the spread of mechanisation 
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and an unchanging stock of cultivated land. Agriculture absorbed most new entrants 
into the labour force, and this led to reduced labour productivity in farming.  
Kapsos (2005) discussed the growth rate of GDP and employment in developed 
countries and estimated employment elasticity, finding that the elasticity of 
employment has decreased in some countries in the Middle East and North Africa.  
Seyfried (2005) examined the relationship between economic growth and 
employment in the ten largest US states: California, Florida, Georgia, Illinois, 
Michigan, New Jersey, New York, Ohio, Pennsylvania and Texas, from 1990 to 
2003. These models were developed to estimate employment intensity of economic 
growth as well as the timing of the relationship between employment and economic 
growth. Employment intensity was estimated to range from 0.31 to 0.61 in specific 
states, with an estimate of 0.47 for the USA as a whole. These results indicate that 
although economic growth had some immediate impact on employment, its effects 
continued for several quarters in most of the states considered.Unemployment and 
inflation 
The supposed trade-off between inflation and unemployment is usually demonstrated 
by the Phillips curve. Phillips (1958) was primarily concerned with the possibility of 
a negative relationship between the rate of unemployment and changes in nominal 
wage rates in the United Kingdom.
4
 It was modified by later economists to indicate a 
relationship between unemployment and inflation rate. Mehra (1993) examined a 
system of variables that includes inflation, output gap and labour costs as measure of 
wages in the US economy. The results show Granger-Couse inflation: any increase 
                                                 
4
 Called the original Phillips curve for the British economy 1861–1913. 
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in wages is equivalent to an increase in goods and services prices. The Phillips curve 
implied a trade-off between inflation and unemployment: while it was possible that 
employment could be increased permanently using aggregate demand policy, this 
would occur at the cost of higher inflation. The Phillips curve thus provided choice 
for policymakers who could choose between inflation and unemployment according 
to their economic policy. There are two main versions of the Phillips curve; in the 
wage inflation and price inflation relationship, price inflation as distinct from wage 
inflation was also found to be negatively correlated with unemployment; this was 
useful for policy makers because unemployment and price inflation are the two 
macroeconomic problems faced by any country. In our study, we will estimate the 
relationship between inflation, RGDP and unemployment by using price inflation. 
Friedman (1968) introduced the concept of the natural rate of unemployment, which 
led to the view that in the long run, the Phillips curve is perfectly vertical and the 
unemployment rate is independent of inflation and monetary policy. Friedman argues 
that in the long run (beyond the business cycle frequency), a positive relationship 
may exist between these two variables due to the effects of the inflation tax. He 
found evidence of this positive relationship in US data. Lipsey (1960) conducted a 
study in the UK to investigate the relationship between growth rate of nominal wages 
(wage inflation) and unemployment rate and found a significant inverse relationship. 
Phelps (1967) and Friedman (1968) argued that real wages would adjust to make the 
quantity of labour supplied equal to the quantity demanded, and the unemployment 
rate would then stand at a level associated with the real wage. The natural rate of 
unemployment is also called the non-accelerating inflation rate of unemployment, or 
NAIRU. NAIRU occurs when the labour market is in equilibrium (supply side of 
unemployment i.e., frictional and structural unemployment). If the actual rate of 
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unemployment is reduced below the natural rate, there is an increased risk of 
inflation. Samuelson and Solow (1960) supported Phillips hypothesis and examined 
the relationship between inflation and unemployment for the US economy, finding 
an inverse relationship between these two macroeconomic variables in the short run.  
A recent study by Hansen and Pancs (2001) examined the existence of the Phillips 
curve in Latvia. They found a negative trade-off relationship between unemployment 
and actual inflation rate in the short run. DiNardo and Moore (1999) used panel data 
analysis to examine nine member countries of the OECD, using OLS and GLS. Their 
findings confirmed the existence of Phillips curve and found a robust relationship 
between the two variables. Stiglitz (1997) also found a highly significant correlation 
between the inflation rate and lagged value rate of unemployment in the USA. He 
suggests that an increase in the inflation rate between 0.30 and 0.60 of a percentage 
point keeps the unemployment rate at 1%. Gordon (1996) estimated the response of 
price inflation to the unemployment rate to be -0.28 and the estimated NAIRU to be 
6.1%. Pallis (2006) investigated the relationship between inflation and 
unemployment in ten new European Union member-states by using annual data from 
1994 to 2005 and the Autoregressive and Error Correction Models to investigate the 
long and short-run relationship between inflation and unemployment. The results 
show the Phillips curve relationship evident in these countries and the trade-off 
between inflation and unemployment in the EU member states. King and Haug 
(2011) examined the relationship between long-run inflation and unemployment 
using quarterly US data from 1952 to 2010 and found strong evidence for a positive 
relationship between the two variables. Fumitaka (2007) examined the relationship 
using VECM to investigate the existence of the Phillips curve in Malaysia over the 
period 1973–2004, and found a long-run trade-off relationship between 
  27 
unemployment and inflation. A study conducted by Zaman et al. (2011) found 
empirical evidence for the existence of the Phillips curve in the Pakistan economy, 
using annual data from 1975 to 2009. 
In contrast, Herman (2010) analysed the existence of the Phillips curve in the 
Romanian economy which indicated no trade-off between inflation and 
unemployment in the long run. 
2.2.2 Inflation and output 
It follows from the above discussion that it is important to analyse the relationship 
not just between inflation and unemployment but also between inflation and output. 
Lucas (1973) investigated the relationship between inflation and RGDP. His classic 
paper on inflation-output trade-offs used nominal GDP growth as the right-hand 
variable in a regression estimated with OLS. The implicit assumption was that 
supply shocks in the residual do not influence nominal GDP, but can influence both 
RGDP and the price level in opposite directions. However, Dholakia (1990) 
examined the trade-off between inflation and output within the Phillips curve 
framework by estimating the aggregate supply curve for 1958–1985 and found no 
substantial trade-off in the economy: the findings indicated that the economy had am 
almost horizontal Phillips curve.  
Klein (2011) studied the cyclical behaviour of output and its impact on inflation 
dynamics on South Africa by using the VAR model. The main finding is that the 
output gap has a positive and significant impact on inflation. Taking the relation 
between economic growth and inflation, Mallik and Chowdhury (2001) examined 
the short- and long-run dynamics relationship between inflation and economic 
growth for four South Asian economies: Bangladesh, India, Pakistan and Sri Lanka. 
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Applying Co-integration and VECM, they found two motivating results: first, the 
relationship between inflation and economic growth is positive and statistically 
significant for all four countries; second, the sensitivity of growth to changes in 
inflation is smaller than that of inflation to changes in growth. These results have 
important policy implications, because although moderate inflation promotes 
economic growth, faster economic growth absorbs into inflation by overheating the 
economy. These four countries are on the turning point of an inflation-economic 
growth relationship.  
Llosa and Miller (2004) estimated the short-run relationship between inflation and 
output gap in Peru using the Kalman filter technique. Their findings show a positive 
relationship between inflation and output gap. Rudd and Whelan (2005) used two 
models to investigate this relationship and conclude that the Phillips curve is quite 
weak when detrending RGDP is used as driving variable, but fits well when real unit 
labour costs are used. A study conducted by Hutchison and Walsh (1998) on the 
New Zealand economy using quarterly data over three sample periods found a trade-
off between output and inflation. Gali and Gertler (1999) used inflation forecasts as a 
function of both lagged inflation and output gap for the US economy, using time 
series data. They conclude that the Phillips curve provides a good approximation to 
the dynamics of inflation. Another study conducted by Tang and Lean (2007) on 
Malaysia used two models: one for the relationship between inflation and 
unemployment, and the other for inflation as a function of unemployment and output 
gap. They found a stable short- and long-run trade-off relationship between inflation 
rate and unemployment rate.  
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There are few studies that have analysed the relationship between inflation, 
unemployment and economic growth for Libya. Osama (2004) showed a positive 
relationship between inflation and economic growth in Jordan by using structural 
break point. He concluded that if the rate of inflation falls to 2%, the relationship 
between the variables becomes negative. 
2.3 Determinants of total factor productivity  
Despite the recognised importance of TFP in explaining the remarkable economic 
performance of some developing countries, the study of TFP and its determinants has 
received little attention in the empirical literature on economic growth for Libya. 
This study attempts to make a contribution in this area. 
Durlauf et al. (2005) have noted that the arbitrary selection of explanatory variables 
has increased the number of potential growth-improving variables to as many as 145. 
Using country-specific time series studies to identify fundamental determinants of 
growth are mostly encouraged by the availability of long enough time series data. 
Rao and Hassan (2011) estimated the determinants of long-run growth in 
Bangladesh. They selected nine potential variables that affect TFP. Country-specific 
time series studies have investigated the growth effects of variables such as 
investment ratio, trade openness, foreign direct investment, public investment, aid, 
and progress of the financial sector. Khan (2006) estimated major determinants of 
TFP in Pakistan from 1960 to 2003. The results confirm that foreign direct 
investment and financial sector development play an important role in increase of 
TFP. Another study by Sabir and Ahmad (2003) suggests that human capital, 
development expenditures and remittances are important factors in determining TFP 
in the economy of Pakistan. 
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Literature on the sources of growth has grown since the mid-1950s, and the issue of 
determinants of growth has occupied the attention of economists for the last 15 years 
or so. However, there are huge differences in the choice of specific cross-country 
methodology in the analysis of determinants. Both theoretical and empirical studies 
have documented the importance of TFP for long-run growth. The theory of 
economic growth considers how models offer different, but related, explanations of 
the process. The major questions are (a) why do some countries grow faster than 
others? and (b) what are the most important components of output growth?  
To answer these questions we require estimates of TFP, which is the key variable 
that determines long-run economic growth. Productivity growth has long been 
argued to be the ultimate determinant of long-run growth (see for instance, Romer, 
1986; Solow, 1956; Swan, 1956; Uzawa, 1965 for neoclassical growth models).  
Solow (1956) developed a production function with substitutability between factors 
of production, modelling output growth as a function of capital, labour, and 
knowledge. The model assumes an exogenous and homogenous technology across 
countries. As countries accumulate technology at the same rate, cross-country 
differences in output growth rates represent differences in capital accumulation. The 
model implies that a country’s RGDP per capita growth negatively correlates with its 
initial level of income: that is, the convergence hypothesis. Solow’s approach for 
measuring TFP is called the residual approach, whereby the value of the residual is 
obtained after the contribution of physical inputs is determined. The results of this 
exercise depend critically on the specification of the production function. In the 
literature, the Cobb-Douglas production function is typically used. 
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Throughout the macroeconomic literature, economists use growth accounting 
analysis to test empirically the neoclassical growth theory, and to evaluate the effect 
of physical capital accumulation on output growth. The results of the early growth 
accounting exercises raise questions about the role of capital accumulation in output 
growth. The large unexplained residual in Solow-model calculations suggests that 
capital and labour accumulation do not fully explain output growth (Collins & 
Bosworth, 1996). Easterly et al. (2004) suggest that growth economists should focus 
on TFP and its determinants rather than on factor accumulation. In such 
circumstances, it is more appropriate to use models with technological 
complementarities than the neoclassical model with homogenous technology. 
Renewed interest in productivity as a source of output growth leads to the 
development of new methods for the decomposition of output growth into input and 
productivity growth. Endogenous growth theory, initiated by Romer (1986) and 
Lucas (1973), departs from neoclassical theory and focuses on explaining the Solow 
residual.  
There are several theoretical models to describe the determinants of macroeconomic 
variables such as trade, human capital, and endogenous technology on output growth. 
Greiner et al. (2005) have used time series data for OECD countries based on various 
endogenous models; they find that human capital formation and expenditure on 
education and development are important in the later stages of development.  
2.4 Production function for selected MENA countries  
Only a few empirical studies have dealt with the MENA region, largely due to lack 
of data. However, as data has become available for some countries of the region, 
researchers have examined these countries. Among the early studies to estimate the 
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physical stocks and analyse the source of growth are those of Nehru and Dhareshwar 
(1993) and Aamer et al. (2007). Each used different methods to estimate physical 
capital and the production function. 
Much of the empirical literature on economic growth focuses on accounting for 
economic growth by measuring factor inputs. Denison (1962), for example, accounts 
for economic growth through the growth of labour and capital inputs, with the 
unexplained residual assumed to represent technological growth or productivity 
growth. In Kendrick (1976), capital growth is measured in an attempt to reduce this 
residual. Although such studies are very useful for understanding the detailed 
structure of economic growth, they do not yield an understanding of the forces that 
affect it. 
The theory of production, also known as the Cobb and Douglas function (1928), is 
still the most ubiquitous form of theoretical and empirical analysis of growth and 
productivity. The estimation of the parameters of aggregate production functions 
such as physical capital and labour is a tool of analysis essential in macroeconomics. 
Cobb and Douglas (1928) used data from the US manufacturing sector for 1899–
1922. At this time Douglas was studying the elasticity of supply of labour and 
capital, and how their variations affected the distribution of income (Cobb & 
Douglas, 1928). They began by plotting the series of output, capital and labour on a 
log scale, and noted that the output curve lay between the two curves for the factors 
and tended to be approximately one quarter of the distance between the curves of the 
two factors. 
The estimated OLS regression of production function began by the following 
Equation: )()( ttt KaLBQ  , where Qt, Lt, and Kt represent (aggregate) output, 
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labour, and capital respectively, and B is a constant, showed that the elasticity came 
remarkably close to the observed factor shares in the American economy: that is, α = 
0.75 for labour and β = 0.25 for capital (Cobb and Douglas estimated the regression 
imposing constant returns to scale in per capita terms). These results were taken, 
implicitly, as empirical support for the existence of the aggregate production 
function, as well as for the validity of the marginal productivity theory of 
distribution.  
Collins and Bosworth (1996) continue to find that labour’s share of national income 
across 31 countries has a standard deviation of around 10%. One possible 
explanation for this finding that cannot be rejected a priori is that the elasticity of 
substitution between capital and labour is not equal to unity, so that factor shares are 
not constant and instead vary with the accumulation of factor inputs. 
Duffy (2000) in his conclusion shows that it is possible to reject a Cobb-Douglas 
specification for the aggregate production function with capital and labour used as 
inputs. Instead, the data support the use of a more general or constant elasticity of 
substitution (CES) specification, with an elasticity of substitution between capital 
and labour that is significantly greater than one. An estimate of CES specification for 
aggregate production for four different subsamples of countries, grouped according 
to the initial level of capital per worker, found evidence that the elasticity of 
substitution may vary with the stage of development. In particular, for the richest 
group of countries, when human capital adjusted labour is used as an input the 
elasticity of substitution between capital and labour is significantly greater than 
unity. However, for the poorest group of countries, the estimated elasticity of 
substitution is found to be significantly less than unity. 
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Kim and Lau (1996), Young (1995), Collins and Bosworth (1996) and Dowling and 
Summers (1997) are among those who, by applying the Cobb-Douglas production 
function, view East Asian growth as largely due to a massive accumulation of labour 
and capital rather than to growth in TFP. On the other hand, Drysdale and Huang 
(1997), Kawai (1994), King and Levine (1994) and Sarel (1997) are among those 
who argue that, while labour and capital accumulation are necessary to foster growth, 
the unusually high rate of TFP growth in the East Asian economies is an equally 
important contributing factor to the rapid growth of their respective GDP per capita. 
Antras (2004) concludes that the US economy is not well described by a Cobb-
Douglas aggregate production function, and presents estimations based on both 
classical regression and time series analysis. This study fully develops the estimation 
of the Cobb-Douglas function for developing countries.  
Nehru and Dhareshwar (1993) is among the foremost studies on developing 
countries which estimate the contributions of capital accumulation. Their study used 
a sample of 93 countries including MENA countries, covering the period 1960 to 
1990, and found that the contribution of capital accumulation was the major factor 
behind economic growth in this period.  
Senhadji (2000) examined the source of growth for 88 countries including six 
MENA countries, Algeria, Egypt, Iran, Israel, Morocco and Tunisia, estimating the 
production function and the share of physical capital in level and first difference. 
In terms of interaction between growth and education, Becker and Chiswick (1966) 
Schultz (1963), Solow (1956) and Swan (1956) are the pioneering examples of the 
theoretical models.  
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The models developed by Romer (1986) on the effects of technology on economic 
growth stimulated a wave of discussion on the role of education on economic 
growth. Human capital has been seen as a leading factor in explaining economic 
growth and is consider one of its sources. Any increase in education could have an 
impact on economic growth by improving the productivity or quality of workers. 
This assumption is incorporated into the formulation we employ: quantity of workers 
by an index of average educational attainment. Another formulation adopted by 
Mankiw et al. (1992) and Klenow and Rodrigruez-Clare (1997) specifies human 
capital (education) as an independent factor in the growth process, one that can 
augment labour, physical capital and TFP. This relationship with output reflects the 
view that an educated workforce is able to implement new technologies and to 
generate ideas to improve efficiency. However, Islam (1995) finds instead that 
human capital does not directly influence output growth, but rather that it works 
indirectly through its effect on TFP. 
Barro and Lee (2001) developed a comprehensive data set on schooling, covering a 
large number of countries over an extended period. They used national censuses and 
surveys at 5-year intervals beginning in 1960 to infer what proportion of the working 
age population had achieved various levels of schooling.
5
  
Barro (1990) used education and health as measures of human capital (proxied by 
1960 school enrolment rates) in his study of 98 countries, concluding that the growth 
rate of real per capita GDP is positively related to the initial human capital. Many 
studies, including Barro (2010) have explored the link between growth and a variety 
                                                 
5
 The Barro–Lee data distinguishes three levels of schooling – primary, secondary, and tertiary – and 
also distinguishes between those who initiate a level of schooling and those who complete it. 
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of schooling level indicators. Benhabib and Spiegel (1994) found evidence of a 
human capital effect on GDP growth through its impact on the capacity of a country 
to innovate, and to use and adapt foreign technology. Arguably, human capital also 
encourages the accumulation of other factors of production.  
Sach and Warner (1997) noted that a rapid increase in human capital development 
results in rapid transitional growth. Becker et al. (1999) state that higher rates of 
investment in human and physical capital lead to higher per capita growth. This is 
because well-developed human capital leads to an improvement in productivity, 
increase in the growth rate and investment ratio. According to Barro (1990) 
investment in human capital in the form of secondary and higher education are 
highly significant in their effects on potential rates of growth. The better and more 
highly trained the work force, the more productivity it will be in helping to enhance 
the rate of annual real output in a society. At the same time, the lower the rate of 
population increase relative to the rate of growth in capital supply, the more capital 
can be invested per worker to increase the average output of each member of work 
force.  
In our analysis, a measure of human capital will be used to explain growth outcome. 
As a proxy for the level of human capital, we will take the 1970 secondary school 
enrolment ratio. 
Some macrocosmic factors play an important role for the sustainability of growth.  
The empirical work by Fisher (1993) using cross-sectional and panel data shows that 
growth is negatively correlated with inflation. Levine and Renelt (1992) state that 
high growth countries are also lower inflation countries. 
  37 
Barro (1990) used panel data for 64 countries also find inflation have significant 
negative effect on economic growth. For instance, 10% increase in average annual 
rate of inflation can reduce the growth of RGDP by 3% to 4% per year. 
An argument often made in the literature against the estimation of production 
functions for determining the share of physical capital (the key parameter in the 
accounting exercise) is the problem of potential endogeneity of the explanatory 
variables, namely capital and labour inputs. The fully modified estimator, which is 
used to estimate the production function of each country, corrects for this potential 
problem as well as for the likely autocorrelation of error term.  
The degree of openness to the global economy is another important factor in recent 
years. Gallup et al. (1999) conclude that open economies are generally in a better 
position to import new technologies and new ideas from the rest of the world. 
Moreover, they are likely to have a greater division of labour and production 
processes that are more consistent with their comparative advantage, and which 
enable them to grow faster. If we look at investment another way we can include 
local investment in our analysis, a tactic widely used in the literature. Mankiw et al. 
(1992), using cross-country data show that the ratio of investment to GDP is an 
important factor for determining growth.  
The estimation of the production function also raises the issue of whether to estimate 
it in levels or in first differences. As is known, the first difference operator removes 
all the long-run information from the data. One important insight from the co-
integration literature is that we know much more about long-run than short-run 
relationships between the variables of the production function; so we should know 
that this will disregard the most valuable part of information in the data.  
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Knowles et al. (1997) investigated whether incorporating human capital as labour-
augmenting or as a separate factor of production makes any empirical difference. 
They find that it does not; so in our model we will include the education variable 
separately. Similarly, in previous literature the Cobb-Douglas production function 
has been estimated in the first difference, so our study will provide first-difference 
estimates for comparison. 
This growth accounting exercise uses a different production function estimate for 15 
MENA countries to break down the growth rate of RGDP into contributions from 
capital and labour. We also need to understand if the growth of RGDP is primarily 
capital intensive or employment intensive. 
2.5 Aspects of the Libyan economy 
A small number of researchers have attempted to examine economic growth and its 
determinants for Libya. Their focus has predominantly been on examining 
microeconomic factors; for example, many have examined the impact of oil price 
fluctuations on the labour force (Abohobiel, 1983; Abosedra, 1984; Al-Abbasi, 1991; 
Keibah, 1987; Saleh, 2008). 
The long-run dynamic macroeconomic models estimated in our study, in particular 
those of the Okun, Phillips and Solow are quite analogous to those in existing 
literature for developed economies such as Australia, USA and UK. However, such 
models need to be amended to be more applicable for the analysis of developing 
economy like Libya. Examples of such modifications for developing as well as 
developed countries, from the recent literature include: Moosa (2008), Swane and 
Vistrand (2006), and Rao and Hassan (2011).  
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It must be noted that, in addition to the usual sources of growth studied in the neo-
classical growth literature, there may be other cultural and political factors that have 
an impact on economic growth. We do not investigate the impact of cultural or 
political factors on economic growth in Libya or the MENA countries, which 
obviously leaves some research gaps in this study. 
2.6 Summary 
This chapter has surveyed theoretical and empirical aspects of economic growth, 
inflation, unemployment and the production function. It has focused on concepts of 
economic growth from dynamic and static points of view. It has examined the 
empirical studies that estimate the relationship between economic growth, inflation 
and unemployment, and that consider the estimation of production function from a 
macroeconomic perspective. 
Empirical evidence on the relationship between economic growth and unemployment 
has mainly been produced from time series analyses using Okun’s Law. Existing 
studies have found mixed evidence regarding the relationship between 
unemployment and RGDP, and most confirm the negative relationship between 
unemployment and RGDP. Indeed, many studies conclude that it is valid for some 
countries, dependent on their type of unemployment (structural or cyclical). 
The empirical evidence on the relationship between unobserved components 
(potential output and natural rate of unemployment) and inflation has been found to 
be a trade-off between RGDP and unemployment, and a trade-off between RGDP 
and inflation, while other studies find positive relationships between these factors. 
The significant finding of this relationship is very important, because this analysis 
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indicates the makers of monetary policy to pay attention to the strategy that is shown 
by the Phillips curve and by empirical findings from different countries. 
The next chapter examines the determinants of total factor productivity. The 
theoretical and empirical evidence on estimating the TFP and its determinants has 
been found by following Solow (1956) and Senhadji (2000). Most empirical 
evidence finds some key determinant of long-run growth by using time series data or 
cross-country data, depending on the structure of the country’s economy. 
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 CHAPTER 3
AN OVERVIEW OF THE LIBYAN ECONOMY 
3.1 Introduction 
Libya is classified by the World Bank as an upper-middle-income country. The 
economy is dominated by oil and gas industries. In 2010, total oil production (crude 
plus liquids) was approximately 1.8 million barrels per day (IMF, 2010). The oil 
revenue allows the government to spend generously on infrastructure, education, and 
job creation.  
Table 3.1 shows the income per capita of the developing countries in the 
Mediterranean region; Israel and Libya rank highest among them. 
Table 3.1: Income per capita in some Mediterranean region countries, 2009 
Country 
Gdp per Capita US Dollar 
Israel 
27,492 
Libya 
10,335 
Turkey 
8,407 
Tunisia 
8,371 
Algeria 
7,062 
Lebanon 
5,584 
Jordan 
5,530 
Morocco 
4,555 
Egypt 
4,337 
Syria 
3,808 
Source: United Nations Development Programme, Annual report, UNDP, 2009 
The income from oil and gas exports has enabled the maintenance of a large public 
sector, with extensive government investment in health, education, agriculture and 
non-oil related industries (see Francios et al, 2009). 
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Figure 3.1 gives data from 2005 to 2009, in order to indicate the impact of 
fluctuating oil prices on the structure and performance of the Libyan economy. Like 
other MENA countries such as Algeria, Iran, Iraq, Kuwait, Oman, Qatar, Syria and 
UAE, Libya was extremely affected by fluctuations in oil prices because of its heavy 
dependence on oil exports. According to Al-Yousif (1997), oil prices during the 
period 1963–1973 were very low (less than US$3 per barrel). Following the oil 
embargo in 1973, an oil boom took place through the period 1974–1980 and prices 
reached over US $36 per barrel at the end of 1980. Since 1981, oil prices have 
declined, reaching less than US $10 per barrel in 1998. From 1999, oil prices again 
started going up and reached over US $72.7 per barrel) in 2009. 
Consideration of the impact of fluctuations oil prices on the structure and 
performance of the Libyan economy is mainly driven by the oil sector. Saleh (2008) 
investigated the fluctuation of oil prices and its influence on the employment in 
Libya, finding a negative impact on the movement of skilled non-Libyans and a 
dramatic decrease in the number of non-Libyan workers in 1980, when the price of 
oil fell sharply.  
Figure 3-1: Oil prices in Libyan economy 
 
Source: International Monetary Fund, September, 2010 
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The aim of this chapter is to analyse the labour market and its relationship with the 
oil sector of Libya. It uses data from various local, regional and international sources 
over the last four decades to analyse the structure and performance of the labour 
force. The chapter analyses the composition of the Libyan population before moving 
to an assessment of the economically active population in Libya. The manpower in 
both the public and the private sectors is then considered, and the chapter ends with 
an analysis of trends in unemployment. 
3.2 Libyan population 
Tables 3.2 and 3.3 give data on the composition of the Libyan population according 
to Libyan and non-Libyan and then by male and female over the period 1972–2008. 
These data reveal that: 
 The Libyan total population in 2008 was made up of more than 6.3 million 
nationals and approximately 333, 000 expatriates, compared with only 2.2 
million nationals in 1972. 
 Libya depended on expatriates to conduct its economic activities from 1972 
until 1980. 
 The proportion of non-Libyans to the total population is very small (around 
5% in 2008).  
 The Libyan fertility rate is among the highest in the world in 1980. This is the 
one of the main reasons that the proportion of Libyan nationals has increased 
so dramatically over the last three decades, from less than 88% of the total 
population in 1972 to more than 95% in 2008 (see Table 3.2).  
 The rise in oil prices during the eight years of the oil boom (1972 to 1980) 
attracted expatriates to work in Libya. 
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 From 1972 to 1980, the number of expatriates increased by over 340 
thousand per annum.  
Table 3.2: Libyan and non-Libyan population (in thousands) 
 
1972 Percentage of 
total (%) 
1980 Percentage of 
total (%) 
1998 Percentage of 
total (%) 
2008 Percentage of 
total (%) 
Total 
population  
2150 100 2760 100 5060 100 6650 100 
Nationals 1888 87.8 2158 78.2 3957 89.4 6317 
95.0 
Expatriates 262 12.2 602 21.8 511 10.1 333 
5.0 
Sources: 
Libyan: Annual Statistical Abstract (1980-2007) 
Libyan: National Authority formation and Documentation (1975-2000)  
Libyan: Ministry of planning, economic and social indicator 1970-2008.  
Arab League: Statistical Abstract for Arab Countries (1972-1980; 1980-1990; 2000-2007) 
IMF: International Financial Statistics (2008). 
 
 After 1998 the number of expatriates decreased by over 178 thousand per 
annum, mainly in response to international sanctions imposed by UN in the 
mid-1990s. 
 The number of expatriates continued to decline by approximately 20 
thousand persons per annum in the periods 2000–2008 due to the devaluation 
of Libyan local currency from over three US dollars per dinar in 1989 to less 
than one per per dinar; this was accompanied by high inflation. 
It can be seen from Table 3.3 that the percentage of Libyan males is 
approximately equivalent to that of females. The percentage of female expatriates 
is approximately half that of male expatriates; this suggests that the state of Libya 
attracts more males for working purposes. 
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Table 3.3: Total Libyan population according to gender and nationality (in thousands) 
Years Libyan Non-Libyan 
Total 
population 
 M % F % Total M % F % Total 
 
1972 974 51.6 914 48.4 1888 203 77.3 59 22.7 262 
2150 
1980 1105 51.2 1053 48.8 2158 518 86.1 84 13.9 602 
2760 
1998 1990 50.3 1967 49.7 3957 451 88.2 60 11.8 511 
5060 
2008 3133 49.6 3184 50.4 6317 302 91.0 31 9.0 333 
6650 
Sources:  
Libyan: National Authority for information and Documentation (1975-2000)  
Libyan: Ministry of planning, economic and social indicator (1970-2008)  
Central bank of Libya, Quarterly Statistical Bulletin (1975-1980;1990- 2000) 
Arab League: Statistical Abstract for Arab countries (1972-1980; 1980-1990; 2000-2007).  
 
  
 
Figure 3.2 gives the literacy rate among adults in the state of Libya. The World Bank 
defines the adult literacy rate as the percentage of people 15 and older who can read 
and write. The rate is approximately equal between males and females, with 81.3% 
of females literate and and 94.9% of males. In comparison with other MENA 
countries this is considered very high. 
The illiteracy rate decreased from 31% in 1994 to 22% in 2010 due to the 
increasespending on the education sector (World Bank, 2007). 
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Figure 3-2: the percentage of literacy among Libyans aged 15 and above 
 
 
Source: http://www.tradingeconomics.com/libya/literacy-rate-adult-female-percent-of-females-ages-15-and-World-Bank, 2010 
 
Table 3.4 depicts the Libyan population according to age. It can be seen that the 
percentage of children (0–14) has decreased dramatically while that of adults (15–
64) has gradually risen from 57.8% in 1998 to approximately 66.8% in 2009. This 
demographic change has placed pressure on the supply side in the labour market. 
Table 3.4: Percentage of population according to age  
Year 0-14 years 15-65 years 
65 and above 
1998 39.2 57.8 
3.0 
1999 38.4 58.5 
3.1 
2000 33.9 62.7 
3.4 
2001 33.5 63.0 
3.5 
2002 33.1 63.3 
3.6 
2003 32.6 63.8 
3.6 
2004 32.1 63.9 
4.0 
2005 30.1 64.1 
5.8 
2006 29.5 65.4 
5.1 
2007 28.2 65.8 
6.0 
2008 27.1 66.1 
6.8 
2009 26.3 66.8 
6.9 
Source: World Bank annual report (2009) 
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Figure 3-3: Percentage of working age, population growth and participation rate 1980-
2008.  
 
Source: Compiled by author using World Bank data, 2009 
As can be seen from Figure 3.3, population growth has been declining in Libya since 
the 1980s, from an annual rate of 4.6% in 1980 to 1.9% in 2010. The drop in 
population growth has resulted mainly from a sharp decline in the fertility rate, 
falling from 7.3 children per woman in 1980 to 2.7 in 2010. 
The growth of the working age population increased on average by 1.2% annually, 
raising the labour supply and creating the potential for employment and growth. 
Labour force participation also increased as young and female workers entered, 
putting pressure on the labour market. The participation rate increased from 45.6% in 
1980 to 52.2% to 2008, mainly from the entry of young workers, but increasing 
female participation also has affected the size of the labour force in Libya.  
Table 3.5 summarises the main social indicators in the state of Libya. The life 
expectancy rate is 71 years for males and 76 for females. The infant mortality rate is 
very low compared with the world average in 2010. The fertility rate was among the 
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highest in the world in 1980, largely due to the government’s efforts to increase the 
population base. However, the fertility rate decreased dramatically to reach 2.7% in 
2010. According to Yasmen (2006), the main cause is the sharp decline in early 
marriage by women by the mid-1990s, as well as the cost of living in Libya, which 
has become a major problem for adults who wish to marry.  
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Table 3.5: Libyan social and development indicators 
 1980 2000 2010 
World average in 2010 
Life expectancy at birth 
for male and female 
male (62) 
female (67)  
male (64) 
female (68) 
male (71) 
female (76) 
69 
Fertility rate 
(births per woman) 
7.3 3.3 2.7 3.2 
Infant mortality rate 18 23 29 
59 
Population per physician 457 502 601 
N/A 
Access to safe water 
(% of population) 
84 92 75 N/A 
Illiteracy 31 28 22 
N/A 
Source: Compiled by author from the following sources: 
Social Indicators of Development, World Bank (1980-2010).    
UN Development Program, Human Development Report, (1980–1990; 2000–2010). 
 
3.3 Economically active population in Libya 
The influence of the public sector on national employment is high in Libya. The 
Libyan labour market is characterised by strong supply-side pressures attributable to 
the rapid growth of the 15–65 age group, the low productivity of labour, limited 
employment in small-scale establishments, wages that have been frozen by the 
government since 1981 (law NO: 15/ 1981), and high rates of unemployment.  
3.3.1 Labour force 
Table 3.6 presents the percentage of males and females in the labour force in Libya. 
The percentage of males in the labour force increased from 74.6% in 1980 to 78.4% 
in 2010, while the percentage of females rose from 15.3% in 1980 to 23.8% in 2010. 
The percentage of males in the labour force was double than of females over the 
period 1980–2010. Table 3.6 also reveals that the proportion of workers aged 15 
years or more in the labour force has increased from 47.4% of the total population in 
1980 to 52.2% in 2010. Possible reasons for the rise in female participation in labour 
include the declining fertility rate and increased educational level of women. 
According to the UN 2010 report on Arab countries, women face higher 
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unemployment risks than men, mainly the effect of cultural norms. Married women 
in particular face employer discrimination. Women in Libya tend to participate in 
economic activities such as education, or to work in occupations that have few men 
co-workers.  
Table 3.6: Percentage of men and women in the Libyan labour force (15 years or more) 
Year Female Male 
Labour force  
1980 15.3 74.6 
47.4 
1982 16 74.2 
47.3 
1984 17.4 74.4 
47.9 
1986 19.4 75 
49 
1988 21.2 75.1 
49.7 
2000 22.7 75.5 
50.5 
2002 23.5 76.3 
51.2 
2004 24.4 77.5 
52.1 
2006 24.3 78.2 
52.4 
2010 23.8 78.4 
52.2 
Source: World Bank, Various issues (1980–2008) 
 
Table 3.7 indicates the number of of Libyan and non-Libyan workers. It can be seen 
that the number of non-Libyan workers has decreased from 177,000 in 1990 to less 
than 181,000 in 2010, mainly in response to fluctuations in the oil price and 
exchange rate, as mentioned previously. 
Table 3.7: Libyan and non-Libyan workforce development (1990–2010) (thousands) 
Labour force 1990 2000 2002 2004 2006 2008 
2010 
Libyan 1271.9 1318.3 1364.7 1419.8 1479.1 1543.3 
1613.6 
Non-Libyan 176.8 174.3 170.3 169.0 186.1 183.9 
180.9 
Total 1448.7 1492.6 1535.0 1588.8 1665.2 1727.2 
1794.5 
Compiled by author using the following sources: 
UNDP, Development Program, Human Development Report, (1975–2010). 
Libyan authorities (1975–2010). 
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3.3.2 Libyan labour force by economic sector 
The data in Table 3.8 reveals that the highest percentage of the total labour force in 
the state of Libya is employed in community, social and personal services. This 
proportion increased from 48.8% in 1972 to approximately 49.8% in 2010. The 
smallest percentage of the labour force is employed in construction and mining.  
The distortion in the labour market is another dimension of the imbalance in the 
economic sector. Table 3.8 shows the allocation of the labour force in Libya by 
economic sectors. The data in this table suggest that: 
1. The agricultural, livestock and fishing sector employed around 7.84% of the total 
labour force during various years to 2010. 
2. The petroleum and mining sector, which produces 30–40% of the GDP, 
employed less than 1.4% of the labour force in the period 1998–2010. 
3. The percentage of the labour force employed in the manufacturing sector 
increased from 4.9% in 1972 to more than 6.2% in 2010. 
4. The percentage of the labour force employed in electricity, gas and water has 
increased from 2.56% in 1972 to more than 2.9% in 2010. 
5. The percentage of the labour force employed in the construction sector increased 
from 1.23% in 1972 to 1.78% by 2010. 
6. The percentage of workers in wholesale and retail trade increased from 7.73% in 
1972 to 10% in 2010. 
7. The percentage of the labour force employed in the transportation and 
communication sector increased from 4.57% in 1972 to 6.39% in 2010. 
8. Other service sectors (transport and communication, finance and insurance, real 
estate and business) have absorbed a significant proportion of the labour force, 
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increasingly so over the last three decades. The proportion of employment in 
these sectors has increased from 5.47% in 1972 to 8.34% in 2010. 
9. The community, social and personal services sectors are by far the the biggest 
employers and have seen the biggest increase in the share of workers between 
1972 and 2010.  
Table 3.8: Libyan labour force by economic sector 
 1972 % 1980 % 1998 % 2010 
% 
Agriculture, livestock & fisheries 53577 13.39 71677 11.83 119783 9.98 162380 
7.84 
Petroleum & mining 4481 1.12 8119 1.34 14643 1.22 27496 
1.36 
Manufacturing 19606 4.90 34838 5.75 68173 5.68 115490 
6.22 
Electricity, gas & water 7522 1.88 13996 2.31 30726 2.56 55775 
2.91 
Construction 4922 1.23 8240 1.36 17283 1.44 32310 
1.78 
Wholesale, retail trade 30930 7.73 47804 7.89 104900 8.74 195233 
10.1 
Transport & communication 18286 4.57 34717 5.73 75734 6.31 111556 
6.39 
Finance & insurance;  
real estate & business 
3681 0.92 8361 1.38 19324 1.61 34484 1.95 
Community, social & personal 
services 
195581 48.88 308093 50.85 596633 49.71 858871 49.88 
Unclassified 61539 15.38 70040 11.56 153029 12.75 200127 
11.54 
Total 400125 100.0 605885 100.0 1200228 100.0 1793722 
100.0 
Compiled by author using the following sources: 
Libya: National Authority for Information and Documentation (2000–2010) 
Libya: Annual Statistical Abstract (1980–2010) 
Central Bank of Libya, Quarterly Statistical Bulletin, (1972–1980; 1980–1990). 
Libya: Ministry of planning economic and social indicator 1970–2010  
Arab League: Statistical Abstract for Arab countries (1972–1980; 1980–1990; 2000–2010). 
 
3.3.3 Distribution of employment by economic sectors, female and male 
According to the Arab Human Development Report (2009) and shown in Table 3.9, 
the distribution of employment by sector and gender in the government sector shows 
significantly large concentrations of women in community and service activities: 
approximately 60% of all women workers were employed in these areas, and only 
28% of all men workers. The majority of Libyan working women are employed in 
the education and health sectors. 
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Table 3.9: Distribution of female and male employees by economic sector, 2010 
Economic activity Male (%) 
Female (%) 
Community, social and personal services activities 28 
60 
Transport, real estate and finance 10 
8 
Wholesale, retail trade, hotels and restaurants 18 
4 
Construction, electricity and water 15 
1 
Mining and manufacturing 10 
9 
Agriculture, hunting, forestry and fisheries 19 
18 
Source: Libya: National Authority for Information and Documentation, 2010 
 
According to the UN (2009), the highest rates of informal employment, ‘working for 
family without pay’, reached approximately 20%, in both Libya and Algeria. 
3.4 Manpower in the government sector, private sector and foreign 
companies in Libya 
The majority of Libyan employees are employed in the public (government) sector 
and the wages levels in the public sector were not increased
6
 during the period 1980-
2010. Table 3.10 shows that in 2010 approximately 80.3% of the labour force was 
employed in the public sector. In 2006, the proportion was approximately 85.2%. 
Clark and Postel-Vinay (2005) suggest that in most countries, employment in the 
public sector offers higher job security and less volatile wage compensation than 
employment in the private sector. Some argue that high concentrations of public 
sector jobs cause lower TFP growth. The Libyan labour force is interested in 
working in the government sector, especially educated youth, who will defer 
employment elsewhere while they wait for a public sector position to become 
available. According to the African Economic Outlook report (2011), nearly 60% of 
youth will consider only a public sector job.  
                                                 
6
 In 1980, Libyan government enacted law No.15 on the wages and salaries system for employees in 
the public sector. Under this law salaries and wages of the public sector employees were frozen. 
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Less than 10% of the labour force was employed in the private sector in 2009. 
Although there are many foreign companies in Libya, the percentage of Libyans 
employed by them is very low: it was approximately 10.6% in 2010.  
Table 3.10: Distribution of manpower in the government, private and foreign sectors in 
2010 (thousands)  
Sector Libyan labour force 
% 
Public  15595.2 
80.3 
Foreign companies 210.0 
10.6 
Private  180.0 
9.1 
Total 1985.2 
100.0 
Source: Public Authority of Civil Information, 2006 and 2010, State of Libya. 
3.4.1 Trends of unemployment in Libya 
Unemployment is one of the most significant determinants of the welfare of any 
nation. Any significant changes in unemployment will affect the living standard of 
households. Libya suffers from high unemployment, with the official rate rising from 
5.6% in 2000 to a peak of 30% in 2010, as shown in Figure 3.4. 
Figure 3-4: The rate of unemployment in Libya 
Source: Libyan National Authority for Information and Documentation, 2008   
 
Figure 3.4 shows the rate of unemployment rising from a low of 6.0% in 2000 to 
7.7% in 2001. After this the percentage increased dramatically to a level that is high 
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compared with other MENA countries. World Bank (2006) in its Country Economic 
Report on Libya put unemployment as high as 25%. The current level is still high, 
and a major challenge for the economy. 
The high percentage of unemployment in Libya relates to the following: 
1. The dramatic improvement in female education to become approximately 
equal to that of men. The numbers of females graduating from secondary 
schools and universities have increased dramatically. One explanation may be 
that the public sector in Libya is a major employer of women. 
2. New job seekers from schools and colleges coming into the labour market 
often find no demand for their specialisation. In some cases education 
outcomes are not compatible with the needs of the labour market. 
3. The slow growth of local and foreign investment in Libya is the main cause 
of high rates of unemployment.  
4. There is no correlation between level of unemployment and geographical 
areas inhabited by people in Libya. 
5. It is difficult to estimate figures for illegal immigrants. Francios et al. (2009) 
shows the employment of illegal immigrants might be twice as high as of 
those who are working under approved contracts.  
3.5 Structure and performance of the Libyan economy 
The Libyan economy depends heavily on the production and exportation of oil. All 
its economic sectors depend on revenue generated by oil exports. It can be said that 
economic development in the Libya has passed through two stages. The first stage of 
development, from the early 1970s to early 1980s, utilised the country’s huge oil 
revenues to build up basic infrastructure (both physical and human). The second 
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stage started in the mid-1980s with the participation of the private sector in the 
process of economic development. Libya’s focus was to establish new industries 
using modern technologies and managerial skills, providing diversification of 
income. However, rigidity in the bureaucratic system and lack of appropriate 
managerial skills and leadership among the population were major obstacles. 
Although the infrastructure in the Libyan economy has developed to a stage 
equivalent to that of the developed world, its political decisions and policies are 
conducted in a different manner (Borrie & Thornton, 2008). 
As a member of OPEC, Libya plays an important role in the supply of oil to the 
world market (Adelman, 1995). Geological factors such as the location of onshore oil 
fields close to Europe, the flow of the oil toward the sea, and the effortlessness of 
drilling, helped Libya to produce oil more cheaply than many other oil producers. 
The geographical location of Libya, centred between the developed economies in the 
West and the growing economies of North Africa, reduced transport costs and 
increased the significance of the Libyan oil market (World Bank, 1994). 
Libyan production of oil in 2007 was approximately 1.9 million barrels per day. This 
amounts to around 15% of the oil production of all Middle Eastern countries. Libyan 
oil reserves were evaluated at to approximately 58 billion barrels (12% of total GCC 
countries’ reserves) at the end of 2007.  
Two major oil shocks have affected the world in general and the Middle East in 
particular (Stevens, 1997). The first shock was the oil embargo of 1973, when the 
restriction of oil supplies by Arabian countries caused prices to rise significantly. 
Libya enjoyed high oil revenues for almost a decade from this time. The second oil 
shock took place in 1981. World oil demand fell, reflecting a combination of 
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recession, fuel switching and energy conservation.  As a result, the price of oil fell 
dramatically, and the Libyan economy suffered huge losses from reduced oil 
revenues. Oil demand returned to normal levels in the 1999s, but prices stabilised at 
much lower levels than during the boom years. Prices again started rising sharply in 
1999, and reached their highest level in 2008. 
Table 3.11 classifies the Gross Domestic Product (GDP) of the Libyan economy by 
type of economic activity. It can be seen from Table 3.11 that the petroleum and 
mining sector is the mainstay of the economy. Oil production makes a greater 
contribution to GDP than all other economic activities combined. The percentage of 
oil’s contribution to GDP differs in various periods due to fluctuations in oil price. It 
was high in 1980 (64.2% of RGDP) before the second oil shock, and lowest in 1998 
(26.7% of RGDP) before the recovery. The percentage of oil contribution to GDP in 
Libya in 2010 was higher than in 1980.  
The second most important sector is the service sector, representing wholesale and 
retail trade, transportation and communication, finance and insurance, and real estate. 
These sectors contributed 26.8% of GDP in 2010. Their percentage contribution to 
GDP was higher in 1998 (the period that suffered a sharp reduction in oil prices) than 
in other periods.  
The manufacturing sector plays a very small role in the Libyan economy, 
contributing less than 3% of GDP in most periods. Its contribution increases 
substantially during periods of decline in oil prices. In 1998, the manufacturing 
sector contributed 6.4% of GDP, compared with only 2.6% in 1980.  
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The contribution of the agricultural sector to GDP is also subject to substantial 
changes following fluctuations in oil prices. It increased from 1.6% in 1980 to 11.5% 
in 1998, and sank to 3.0% in 2010.  
Table 3.11: Libyan real GDP by economic activity  
 1972 % 1980 % 1998 % 2010 
% 
Petroleum and Mining 2800 52.5 22199 64.2 7010 26.7 30481 
75.4 
Agriculture 131 2.5 557 1.6 3013 11.5 1213 
3.0 
Manufacturing 126 2.4 887 2.6 1684 6.4 849 
2.1 
Constructions 556 10.4 3161 9.1 1541 5.9 1294 
3.2 
Wholesale, Retail Trade 291 5.5 1627 4.7 3705 14.1 1455 
3.6 
Transport & communication 306 5.7 1133 3.3 1523 5.8 1415 
3.5 
Other services 1120 21.0 5016 14.5 7775 29.6 3719 
9.2 
GDP at Market Prices 5330 100.0 34580 100.0 26251 100.0 40426 
100.0 
Official Exchange Rate (LD/US$) 3.0400  3.377  2.2205  0.8037 
 
Sources: Compiled by author using the following sources: 
 Libya: National Authority for Information and Documentation (1970–2010) 
 Libya: Ministry of planning, economic and social indicator 1970–1994. 
 Central Bank of Libya, Quarterly Statistical Bulletin, 1970–2010, Libya 
 Arab League: Statistical Abstract for Arab Countries (1970–2000) 
 World Bank ‘World Tables, 1980–2010, Washington D.C. 
 
Table 3.12 presents Libyan expenditure on GDP over the last three decades. It can be 
seen that the proportion of total expenditure on exports and imports constituted a 
significant proportion of GDP. These proportions were the highest of all expenditure 
during the top boom period of 1980. Expenditure on oil exports contributed to 71.2% 
of GDP in 2010, while expenditure on imports in the same year was approximately 
half this percentage.  
Expenditure on private consumption in Libya is not as high as in developed 
countries. The proportion of total expenditure on private consumption out of GDP 
was around 43.1% in 2010, and less than 30% in 1972 and 1980. The percentage of 
gross capital formation to total GDP in Libya is very low. It amounted to only 16.7% 
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of total GDP in 2010, compared with 12.1% in 1998 and 24.3% in 1980. This may be 
due to increased foreign investment in the Libyan economy.  
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Table 3.11: Libyan expenditure on RGDP (US$ million) 
 1972 % 1980 % 1998 % 2010 
% 
Private Consumption 1652 (30.2) 9691 (27.1) 16550 (63.9) 16784 
(43.1) 
Public Consumption 1092 (20.0) 7940 (22.2) 6846 (26.4) 5958 
(15.3) 
Gross Capital Formation 1370 (25.1) 8681 (24.3) 3125 (12.1) 6503 
(16.7) 
Exports of Goods & Services 3033 (55.5) 22084 (61.8) 5060 (19.6) 27727 
(71.2) 
Imports of Goods & Services 1679 (30.8) 12674 (35.4) 5691 (22.0) 14331 
(36.8) 
GDP by type of expenditure 5468 (100.0) 35722 (100.0) 25890 (100.0) 38942 
(100.0) 
Note: Figures in parentheses are percentages of total GDP. 
Compiled by author using the following sources: 
National Authority for Information and Documentation (1970–1980; 1990–2010) 
Central Bank of Libya, Quarterly Statistical Bulletin, (1970–1990), Libya 
Arab League: Statistical Abstract for Arab Countries (2000–2010) 
IMF, International Financial Statistics Yearbook, 2009, Washington, D.C.        
World Bank ‘World Tables, 2010, Washington D.C., World Bank 
 
The Libyan government experienced a budget deficit during the years of depreciation 
in oil prices (1981–1998) but experienced very high surpluses during years of high 
rises in oil prices (1980 and 2010). The highest deficit occurred in 1994, and the 
highest surplus in 2010. Factors other than oil price contributed to the budget 
deficits, including inconsistent policies, huge subsidies, increased military 
expenditure, unproductive investments and bureaucratic waste (Yousef & Tarik, 
2004). 
Subsidies are regarded one of the main causes of the deficit. The Libyan government 
allocates generous direct and indirect subsidies to its citizens. These, together with 
generous salaries in the public sector, were an indirect method of transferring oil 
revenues to citizens. However, as mentioned by Clark and Postel-Vinay (2005), this 
policy distorted the structure of the labour market, with ultimate effect on the growth 
of the private sector. 
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3.5.1 Structure of Libyan foreign trade and its balance of payments 
Libya’s relationship with the rest of the world is highly significant in terms of 
exports, imports and foreign investment. Table 3.13 shows that most Libyan 
expenditure on imports is related to machinery, transport equipment and 
manufactured goods, materials, food and live animals. Machinery and transport 
equipment amounted to 52% of total imports in 2010, compared with 38% in 1980 
and around 30% during periods of stagnation (1972 and 1998). However, the 
percentage of imports of manufactured goods classified as material and 
manufactured articles has not changed much in the last four decades, and amounts to 
approximately 20% of GDP. 
Table 3.13: Libyan composition of external trade 
Items 1972 1980 1998 
2010 
Imports 
Food and live animals 19.3 16.9 21.8 
12.2 
Beverages and tobacco 1.2 0.5 0.3 
0.2 
Crude materials, inedible, except fuel 1.9 1.8 2.7 
1.2 
Mineral fuels, inebriants and related material 3.3 0.7 0.9 
0.6 
Animal and vegetable oils & fats 1.5 1.9 2.5 
2.1 
Chemicals 5.7 5.4 8.8 
3.2 
Manufactured goods classified mainly as per material 21.9 24.1 21.9 
19.8 
Machinery and transport equipment 29.9 38.0 31.0 
52.0 
Miscellaneous manufactures 15.3 10.7 10.1 
8.7 
Total imports 100.0 100.0 100.0 
100.0 
Exports 
Oil 99.0 99.0 92.1 
95.7 
Other products 1.0 1.0 8.0 
4.3 
Total exports 100.0 100.0 100.0 
100.0 
Compiled by author using the following sources: 
Libya: National Authority for Information and Documentation (1970–2000) 
Arab League, Statistical Abstract for Arab Countries, 2000–2010, Cairo, Egypt. 
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Table 3.14: Libya, direction of foreign trade in 2010 (in millions US$) 
Imports of goods and services 
 
Exports of Goods and Services 
Country Value % Country Value 
% 
Italy 5285 23.89 Italy 20913 
38.12 
Germany 2312 10.45 Germany 9568 
17.44 
South Korea 1772 8.01 Spain 6666 
12.15 
Turkey 1478 6.68 Turkey 4510 
8.22 
Tunisia 1093 4.94 France 3429 
6.25 
UK 914 4.13 Canada 1437 
2.62 
China 911 4.12 Portugal 1097 
2.00 
Greece 836 3.78 Tunisia 1097 
2.00 
France 704 3.18 China 1026 
1.87 
Japan 582 2.63 UK 889 
1.62 
Syria 467 2.11 Greece 834 
1.52 
Spain 425 1.92 USA 735 
1.34 
India 392 1.77 Switzerland 625 
1.14 
Netherlands 365 1.65 Serbia 291 
0.53 
Belgium 363 1.64 Syria 291 
0.53 
Russia 358 1.62 Emirates 280 
0.51 
Thailand 356 1.61 Netherlands 197 
0.36 
USA 343 1.55 Belgium 192 
0.35 
Brazil 305 1.38 
Czech, 
republic 
170 0.31 
Switzerland 296 1.34 Egypt 165 
0.30 
Austria 277 1.25 Morocco 115 
0.21 
Sweden 239 1.08 Croatia 82 
0.15 
Canada 223 1.01 Lebanon 44 
0.08 
Egypt 168 0.76 Malta 27 
0.05 
Dana mark 119 0.54 South Korea 27 
0.05 
Oman 84 0.38 Japan 22 
0.04 
Ukraine 58 0.26 Malaysia 16 
0.03 
Malaysia 49 0.22 
Other 
countries 
115 0.21 
Other countries 1350 6.10 Total 54862 
100 
Total 22124 100   
 
Source: IMF, Direction of Trade Statistics Yearbook, (2010), Washington, D.C. 
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Table 3.14 shows that over 83% of Libyan exports in 2010 were exported to 
industrial countries, and that approximately two-thirds of all Libyan exports in that 
year went to three countries, Italy (38.12%), Germany (17.44%) and Spain (12.15%). 
The percentage of exports to the Arab world in 2010 was less than 4% of total 
Libyan exports; the percentage of exports to Turkey in 2010 exceeded 8% of total 
exports. 
It also shows that more than 61% of Libyan imports in 2010 were from industrial 
countries and the remainder 39% from developing countries. Goods were imported 
mainly from Italy (24%), Germany (10.5%), UK (4.1%), France (3.2%) and Japan 
(2.6%). Libyan imports from the USA increased to over 1.5% in 2010. The highest 
proportion of Libyan imports from developing countries in 2010 was from Turkey 
(6.7%), Tunisia (4.9%), China (4.12%) and Greece (3.78%). The percentage of 
Libyan imports from the Arab world was approximately 9.6% in 2007.  
Table 3.15 gives information about Libyan balance of payments in various years; 
they are distinguished by fluctuations in oil prices over the last three decades. The 
table shows that the Libyan trade balance, balance on goods and services and balance 
of current account were much higher during the periods of rises in oil price (1980 
and 2010) than during the periods of reduction (1972 and 1998). The state of Libya 
invests most of its balance of payments surplus overseas. This has helped the country 
during periods of recession in oil exports through receiving high returns on overseas 
investment (Yousef & Tarik, 2004). 
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Table 3.15: Libyan balance of payments from 1972 to 2010 (US$ million) 
Balance of Payments 1972 1980 1998 
2010 
Trade balance 1179 11551 396 
9965 
Balance on goods services & industrial - 9413 -299. 
8685 
Current account 238 8214 -209 
3885 
Financial account -274 -1703 -467 
1418 
Portfolio investment assets 0 -114 -178 
-142 
Other investments assets -39 -1275 -138 
-1982 
Overall balance 434 6406 -426 
8742 
Source: IMF, (2010), ‘Balance of Payments Statistics’ Yearbook, Washington, D.C. 
 
3.6 Conclusions 
There have been significant changes in the structure and characteristics of the Libyan 
population and labour force over the last two decades. The ratios of Libyan 
population and labour force have increased substantially; the education levels for 
both men and women have significantly improved, and the ratio of employees in 
various jobs has witnessed a moderate increase. However, the great majority of 
Libyan employees are still working in the public sector and their average wages and 
salaries are very low, regulated by law since 1980, and in fact this is causing a lot of 
dissatisfaction among Libyan public sector employees. The country has depended 
heavily on expatriate labour for the last two decades, although their numbers have 
decreased dramatically in most economic activities.  
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 CHAPTER 4
 OUTPUT, UNEMPLOYMENT AND INFLATION IN 
LIBYA
7
 
 
4.1 Introduction 
Economic growth, unemployment and inflation are among the most difficult and 
politically sensitive economic issues that policymakers face, especially in developed 
and developing countries. Theories such as the neo-classical and Solow growth 
models, Phillips Curve and Okun’s Law are empirically tested for some economies. 
Macroeconomic policies are implemented in order to achieve full employment and 
stable economy via low inflation. Many countries targeted inflation during 1990–
1993 and showed success.  
Okun’s Law (Okun, 1962) describes the relationship between unemployment and 
output growth. According to Okun, an increase of 1% in unemployment leads to a 
fall of about 2% in RGDP growth. This law is often used in conjunction with the 
Philips curve for implementing certain economic and labour market policy. Okun 
notes two following empirical relationships: i) quarterly changes in the 
unemployment rate are related to quarterly growth in RGDP; and ii) deviations in the 
unemployment rate are related to deviations in GDP. These are known as the 
difference and gap versions of Okun’s Law.  
                                                 
7
 “Output-Inflation, Output-Unemployment and Inflation-Unemployment Trade-Offs” was presented 
in International conference on Business and Technology in Thailand April, 2014 and was 
subsequently published in Australian Journal of Basic and Applied Sciences, Vol.8, No.5, April 
2014, pp.91-98. 
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Over the years, Okun's Law has predominantly been used as a rule of thumb to 
predict how changes in output will feed through to the labour market. Conventional 
wisdom says that every 2% drop in RGDP below trend leads to a 1% point rise in the 
unemployment rate. However, this relationship has proved to be unstable over time. 
While the breakdown in the Phillips curves during the stagnation of the 1970s led to 
the development of its theoretical underpinning, the same did not happen for Okun’s 
Law. Moreover, Okun's Law is regarded as a statistical relationship rather than a 
structural feature of the economy, and like any type of statistical relationship it can 
be subject to structural breaks or regime shift. For instance, structural changes in the 
labour market leading to shifts in the non–accelerating inflation rate of 
unemployment (NAIRU) are considered to change the equilibrium level of 
unemployment and alter the inflation–output trade–off. Although these supply–side 
shocks are increasingly integrated into economic theory, structural breaks in the 
relationship between output and unemployment limited the use of Okun's Law as a 
forecasting rule, and interest in it has consequently waned, although the relationship 
between output and unemployment is as much of interest today as ever.  
Many economists have investigated the validity of Okun’s Law for the USA and 
other countries. Huang and Lin (2006) found an inverse association between 
unemployment gap and output gap, and verified the validity of Okun’s Law for the 
US economy for the period 1948–2004. Knoester (1986) found that this law was not 
enough to explain high unemployment rates in the 1970s in Europe. Attfield (1997) 
undertook a similar study for the UK, conducted by Prachowny (1993) using recent 
developments in time series analysis, co-integration and ECM, and found strong 
evidence for a co-integrating relationship between the output and the unemployment 
gap, with an estimate of the Okun coefficient close to -2.25. 
  67 
In 1958 the British economist A. W. Phillips described the relationship between 
inflation and unemployment. He established the relationship between the rate of 
unemployment and the change in wages in the UK using a data set from 1862 to 
1957. This empirical study produced a reasonably smooth curve, now known as the 
Phillips Curve. It shows a trade-off between rate of inflation and unemployment 
rates.  
It is often the case that suppressing inflation comes at the cost of greater 
unemployment, and that reduced unemployment comes at the cost of greater 
inflation. Every country desires to reduce unemployment and inflation, but none can 
do both. In the trade-off between the two, either the rate of inflation or the rate of 
unemployment is reduced. Some developed countries such as the USA, UK and 
Australia did make progress against unemployment and inflation through inflation 
targeting; however, several studies that have investigated this relationship, including 
those of Phelps (1967) and Brunner and Meltzer (1971) agree that the Phillips curve 
was no longer applicable in industrialised countries and had shifted out from the 
actual economy. Friedman (1968) added that the Phillips curve could not exist in the 
long run because the relationship it describes is temporary and accidental. Against 
this, Fuhrer (1996) found the trade-off in the Phillips curve to be alive and well in the 
UK. Indeed, it is widely applied in macro-econometric modelling studies. Malinov 
and Sommers (1997) found that Phillips curve to be alive and stable for many OECD 
countries. 
To our knowledge there is no empirical study of the Phillips curve in Libya, 
particularly on testing its stability. Earlier empirical studies on inflation and 
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unemployment in MENA countries focus on searching for the determinants of 
inflation or determinants of unemployment as separate issues.  
This study investigates the long and short-run relationship between i) inflation and 
unemployment, ii) growth and inflation, and iii) growth and unemployment in Libya 
for the period 1962–2009. The study is organised as follows. Section 2 presents the 
literature review of the above three issues, section 3 develops the theoretical 
framework for the above mentioned relationships and Section 4 discusses the data 
and empirical findings. Finally, section 5 goes back to the main conclusion of this 
study and addresses some policy recommendations. 
4.2 The relationship between inflation and unemployment 
The supposed trade-off between inflation and unemployment is usually demonstrated 
by the Phillips curve. Phillips (1958) was primarily concerned with the possibility of 
a negative relationship between the rate of unemployment and changes in nominal 
wage rates in the United Kingdom.
8
 This focus was modified by later economists to a 
relationship between unemployment and inflation rates. If wages are the main cost of 
production, labour productivity does not change, and employers would like to keep 
their profit at the same level, then an increase in wages is equivalent to an increase in 
goods and services prices. The Phillips curve implied a trade-off between inflation 
and unemployment: while it was still possible that employment could be increased 
permanently using aggregate demand policy, this would occur at the cost of higher 
inflation. The Phillips curve provides a choice for policymakers between inflation 
and unemployment, according to their economic goals and has two main versions: 
                                                 
8
 It is called the original Phillips curve for the British economy 1861–1913. 
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wage inflation and price inflation relationship. Price inflation as distinct from wage 
inflation was found to be negatively correlated with unemployment, and this was 
more useful for policy makers because unemployment and price inflation are two 
macroeconomic problems that can be faced any country (Dawson et al., 2006).  
The natural rate of unemployment (NAIRU) occurs when the labour market is in 
equilibrium (supply side of unemployment, i.e., frictional and structural 
unemployment). If the actual rate of unemployment is reduced below the natural rate, 
there is an increased risk of inflation. Samuelson and Solow (1960) supported 
Phillips hypothesis and examined the relationship between inflation and 
unemployment in the US economy. Their results show an inverse relationship 
between the two macroeconomics variables in the short run.  
Stiglitz (1997) shows a highly significant correlation between the inflation rate and 
the lagged value rate of unemployment in the USA, and suggests that an increasing 
in inflation of between 0.3 and 0.6 of a percentage point keeps the unemployment 
rate at 1%. Gordon (1996) estimated the response of price inflation to the 
unemployment rate to be -0.28 and the estimated NAIRU 6.1%.Additionally, a study 
conducted by Zaman, Khan and Ahmad (2011) found tempirical evidence for the 
existence of the Phillips curve for Pakistan’s economy. On the other hand, Herman 
(2010) analysed the existence of the Phillips curve in the Romanian economy. His 
results found no trade-off in the long run between inflation and unemployment.  
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4.2.1 The relationship between RGDP and unemployment 
Several studies investigate the relationship between unemployment and RGDP, a 
relationship that has become known as Okun’s Law. After the publication of Okun’s 
seminal paper, numerous studies were carried out to test Okun’s Law, mostly for the 
US but also for other developed countries. Those by Gordon (1984) and Evans 
(1994), Prachowny (1993) and Weber (1995), are some of the most important ones. 
Kaufman (1988), Lee (2000), Moosa (1999; 2008), Prachowny (1993), Smith (1975), 
Sogner and Stiassny (2002) and Weber (1995) examined Okun’s Law and 
empirically estimated the relation between GDP and unemployment in different 
locations. These studies generally provide support for the empirical validity of the 
relationship, but the estimates have been found to vary substantially across countries 
and over time. Related data series are subject to structural breaks arising out of 
policy changes in the countries concerned: Lee (2000), for example, identifies 
structural changes caused by rising participation in the labour force by females, 
productivity and wage slowdowns, and corporate restructuring.  
Gordon (1984) investigates RGDP and the unemployment rate together with a few 
other variables like productivity and the labour force participation rate. He applies 
the logarithmic function to the identity and then transforms it into a relation between 
the detrended components. When running the regressions between each component 
and the current and lagged values of the output gap (the latter as an independent 
variable), he obtains short-run Okun’s coefficient of 0.23 and a long-run Okun’s 
coefficient of 0.5. 
Evans (1994) uses data for the US economy from 1950 to 1989 to assess the 
relationship between RGDP growth and the unemployment rate, and finds 
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‘substantial feedback’ between the two variables, supported by the contemporaneous 
correlation between them. The study uses a non-restricted bivariate VAR which 
shows a long-run relationship between GDP growth and unemployment at 0.30, in 
line with Okun’s findings. Lee (2000) computes Okun’s coefficient for all G7 
economies from 1960 to 1995. Besides this international comparison, he also 
innovates, not only by using advanced econometric methods to extract the cyclical 
components of the output and unemployment, but also by checking for the stability 
of the relationship along the whole period studied. He finds Okun’s coefficients 
ranging from -0.08 for Japan to -0.41 for the USA. 
In studies conducted in developing countries in general, and MENA countries in 
particular, Moosa (2008) tested Okun’s proposition in some MENA countries. 
Another study conducted by the World Bank (2007) found Okun’s coefficient 
insignificant in MENA countries, which suffer from high rates of unemployment 
characterised by structural and frictional unemployment.  
Keller and Nabli (2002) suggest that economic growth in the MENA region has been 
lagged behind growth in the region’s labour force, and argue that high growth does 
not guarantee good labour market outcomes. They suggest that unemployment will 
persist during times of high economic growth if the growth is capital intensive rather 
than employment intensive, and point out that employment has strongly expanded 
despite low levels of growth.  
Yousef & Tarik (2004) presents a conservative estimate that places unemployment in 
the region at about 15% of the labour force. Raphaeli (2006) mentions that the Arab 
League Economic Unity Council estimates unemployment in Middle Eastern 
countries at 20%.  
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The MENA region covers a range of economies with varied economic structures and 
labour markets. It appears that there are some economic differences between oil-
producing and non-oil-producing countries in the region. However, recently MENA 
countries have shared many social and economic problems. It can be said that one of 
the most important of these for the MENA region as a whole is the high rate of 
unemployment. For this reason, there is a common belief among economists that 
there is a strong inverse relationship between GDP growth and unemployment in the 
region. It is clear that there are macroeconomic and structural dimensions of 
unemployment in MEAN, so this assumed link between GDP growth and 
unemployment may not actually exist. 
Freeman (2001) has used new developments in trend/cycle decomposition to test 
Okun’s Law in a panel of ten industrial countries. In Okun’s original estimate for the 
USA, he finds that each one per cent reduction in the unemployment rate results in 
just less than two points of RGDP growth for the sample countries. 
4.2.2 The relationship between inflation and output 
It follows from the above discussion that there is a relationship not just between 
inflation and unemployment but also between inflation and output. Lucas’s (1973) 
classic paper on inflation–output trade-offs uses nominal GDP growth as the right-
hand-side variable in a regression estimated with OLS. The implicit assumption is 
that supply shocks in the residual do not influence nominal GDP, but can influence 
both RGDP and the price level in opposite directions.  Mallik and Chowdhury (2001) 
examined the short and long-run dynamics of the relationship between inflation and 
economic growth in four South Asian economies. They applied VECM and Johansen 
cointegration approach for respectively testing short-run and long-run relationship 
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between these variables. Liosa and Miller (2004) estimated the short-run relationship 
between inflation and output gap in Peru, carried out via the Kalman filter technique. 
Their findings show a positive relationship between inflation and output gap.  
For MENA countries including Libya, few studies have analysed the relationship 
between inflation, unemployment and economic growth. Osama (2004) found a 
positive relationship between inflation and economic growth in Jordan using 
structural break point. He concluded that if the rate of inflation becomes low – up to 
2% – the relationship between the two variables becomes negative.  
4.3 Background of Libyan economy in terms of the relationship 
between RGDP, inflation and unemployment 
Tables 4.1 and 4.2 show the percentage contribution of different sectors of the 
Libyan economy and the average of inflation, RGDP growth and unemployment 
growth respectively.  
Table 4.1: Percentage contribution of RGDP from each sector 
Period of time Oil Agriculture Manufacturing Service Construction Total 
1962–1970 57.4 3.7 2.3 29.3 7.1 
99.8% 
1971–1975 56.9 2.2 2.2 28.4 6.9 
96.6% 
1976–1986 50.4 3.1 3.8 31.8 10.7 
99.8% 
1987–1993 31.8 6.5 7.3 48.5 5.6 
99.7% 
1994–2001 30.9 8.5 7.1 47.5 5.7 
99.7% 
2002–2009 61.9 2.5 4.7 25.4 5.3 
99.8% 
Sources: Compiled by author using the following sources: 
Libya: Annual Statistical Abstract (1990–1995; 2000–2007)    
National Authority for Information and Documentation (2000–2006) 
Libya: Libya: Ministry of planning economic and social indicator (1970–2007).   
 
Table 4.1 compares the contribution of the Libyan oil and non-oil sectors over the 
last four decades. The economy depends heavily on the production and exportation 
of oil, which provides a greater contribution to RGDP than all other economic 
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activities. It is clear from the table that the contribution of oil is around 57% to 61%. 
Producing and exporting oil is the dominant factor in the economy.  
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Table 4.2: Average inflation, RGDP growth and unemployment growth 
Period of time Inflation RGDP growth Unemployment growth 
1962–1970 7.6% 22.8% -6.5% 
1971–1975 6.0% 7.2% -2.6% 
1976–1986 7.7% 1.6% 6.3% 
1987–1993 7.5% 1.9% 14.2% 
1994–2001 10.6% 4.1% 10.7% 
2002–2009 3.2% 8.3% 8.2% 
Sources: Compiled by author using the same sources mentioned on the first table 
 
Table 4.2 shows the average growth of RGDP, inflation and unemployment for 
different time periods. The inflation rate, measured by the percentage change in the 
annual consumer price index (CPI), shows a decreasing trend from 7.6% to 6% in the 
period 1971–1975, caused by policy changes imposed by the Central Bank of Libya. 
After this period, there is an increase of the average of inflation to reach a peak of 
10.6% during 1994–2001. This was the result of factors, including international 
economic sanctions imposed by United Nations and USA during 1986–2006. There 
is strong growth of RGDP in the first period due to the oil price boom of 1962–1972. 
After that the percentage of growth decreases with the decrease in oil prices and the 
effects of economic sanctions. Unemployment growth was very low in the first three 
decades, and then increased significantly during 1987–1993 and 1994–2001. 
Figure 4.1 plots the data shown in table 4.2, the green line shows average growth of 
oil prices while the blue and red liness show the growth of real GDP and growth of 
unemployment respectively. 
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4.3.1 Theoretical framework 
Figure 4.2 shows the relationship between economic growth, inflation and 
unemployment. Okun’s Law is represented by the arrow from output growth to 
unemployment. The Phillips curve is represented by the arrow from unemployment 
to inflation. The dynamic aggregate demand relation is represented by two arrows: 
one from inflation to output growth and the other from inflation to output growth 
(Blanchard & Sheen, 2009). A number of studies provide support for the empirical 
validity (significantly negative coefficient) of this relationship (Kaufman, 1988; 
Moosa, 1999; Weber 1995). Empirical validity has special importance for 
economists who obtain the aggregate supply curve by combining Okun’s Law with 
the Phillips curve. 
In the macroeconomic framework, Okun’s Law states a negative relationship 
between unemployment rate and RGDP. For a period of over thirty years, economists 
have found strong empirical regularity in this prevalent relationship. It has attracted 
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the attention of many, not only because of its robust empirical regularity but also 
because of its role as a macroeconomic building block. The empirical estimate of 
Okun’s coefficient measures the responsiveness of unemployment to output growth. 
In this study, our goal is to investigate the relationship between unemployment, price 
level (CPI) and RGDP in the long and short runs by including dummy variables. In 
addition to estimating Okun’s coefficient, this study will provide an idea of the kind 
of unemployment prevalent Libya (cyclical or otherwise), which may imply whether 
or not unemployment can be reduced by increasing economic growth.  
Figure 4-2: Output growth, unemployment and inflation. 
Source: Blanchard and Sheen (2009), pp. 209–230 
DiNardo and Moore (1999) used panel data analysis to examine nine member 
countries of the OECD, using OLS and generalised least squares (GLS). Pallis 
(2006) uses Autoregressive and Error Correction Models in his study to investigate 
the long and short-run relationship between inflation and unemployment by using 
annual data from 1994 to 2005. Further, Fumitaka (2007) uses VECM to test the 
existence of the Phillips curve in Malaysia by using time series data for the period 
1973 to 2004. 
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4.4 Methodology and Data 
The models, data and methodology used to estimate the hypotheses are presented in 
this section to explain the relationship between RGDP and unemployment for the 
Libyan economy. Data and time frame used are explained, followed by a description 
of the background of the model and a discussion of model specifications.  
4.4.1 Data and sources 
We have used secondary data for estimating our model during 1962–2009. The 
major source of data for this study is the Statistical Bulletin published annually by 
the Central Bank of Libya (2009) and the Ministry of Planning (2009). Other sources 
include publications by the World Bank and International Monetary Fund. Time 
series data on a country like Libya is not easy to get. Some of these data refer to the 
period 1962–1990 based on 1985 prices, while others refers to the period 1962 –2000 
on different base years. All the data in this study are calculated in Libyan currency.  
4.4.2 Estimating unobserved variables 
Previous studies which have estimated the potential output and the natural rate of 
unemployment have used two basic methodologies: structural, such as the production 
function method which consists of a neoclassical production function with different 
inputs, generally capital stock and labour force; and statistical, which is used to 
decompose the trend and cyclical components of output and interpret the growth 
components as the potential GDP.  
1. Potential output 
For estimating potential GDP and output gap, there are many statistical methods 
widely used to decompose the trend and cyclical components of output, such as the 
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Kalman and Hodrick–Prescott (HP) filters. Liosa and Miller (2004) estimated the 
output gap for Peru by using two methods, the Kalman filter and HP. Varelas (2006) 
investigated the relationship between output gap and inflation in the Greek economy 
using the HP filter to determine the potential output and GDP gap. Claus (2000) used 
the HP filter on New Zealand data to test if the output gap was a useful indicator of 
inflation; the results suggest that output gap provides a useful signal to the monetary 
authorities. Gerlach and Yiu (2004) estimated output gaps for eight Asian economies 
using four different time series methods by including the HP filter to estimate the 
output gap.  
As we mentioned in the above discussion Klein (2011) studied the cyclical behaviour 
of output and its impact on inflation for dynamics South Africa economy by using 
HP filter.  
Our study will use the HP filter due to its wide use in business cycle and macro-
econometrics modelling in general. This filter was expressly designed to analyse 
post-war US business cycles, and is intended to minimise the variance of series 
around its moving average, the larger value of  , the smoother series, as  = ∞, 
series approaches a linear trend. More specifically, the HP filter sets the potential 
component of output or natural rate of unemployment in order to minimise the 
following loss function: 
2
1
1
2
1
2
1
)]()[()(
p
t
p
t
p
t
t
t
p
t
p
t
t
t
t YYYYYYL 




  
 
where  is the smoothing weight on potential output and t is the sample size. The 
first term of the equation is the sum of squared deviations t
p
tt yyd  , which 
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analyses the cyclical component. The second term is a multiple   of the sum of the 
squares of the trend component’s second differences. The last term analyses 
variations in the growth rate of the trend component. 
The advantage of the HP filter is that it makes output gap stationary over a wide 
range of smoothing values and allows the trend to change over time (Hodrick & 
Prescott, 1997). The econometric package used is Eviews 7 and the default 
parameters for  =100 for annual data, 1600= for quarterly data and 14,400 for 
monthly data. Because we use annual time series data in this study, the default 
parameters are  =100.  
It is necessary for this study to determine the gap between actual unemployment and 
the natural rate of unemployment, and to obtain a smooth estimate of the long-term 
trend component of a series. Conway and Hunt (1997) augment the stochastic-trend 
estimation of the HP filter by using a Phillips curve relationship to provide a long-
run relation and to identify the potential output and output gap.  
The estimations of this study use seasonally adjusted annual data on RGDP. It can be 
seen from Figure A2 in the Appendix that the deviations of potential from actual 
output fluctuated during the period covered by the study, ranging from -25 to +18%. 
In this specification, inflation will tend to rise if the level of real output is above 
productive capacity through time; i.e., inflation will rise if the output gap is positive, 
fall if the gap is negative, or remain stable if the gap is zero (the change in inflation 
is related to the level of output gap). In addition, if there is an inflationary gap that 
indicates the growth of aggregate demand exceeds the growth of aggregate supply 
(Blanchard & Quah, 1989). Figure A2 in the appendix shows that the Libyan 
economy was in excess demand during the mid-1970s, mid-1990s, and from 2003 to 
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2006. The relationship between the output gap and the inflation rate is reflected in a 
relatively moderate slope of trend line, and the correlation is slightly higher in some 
periods. 
2. Natural rate of unemployment 
According to Blanchard & Sheen (2009), the importance of obtaining the natural rate 
of unemployment is that if the actual rate of unemployment is below the natural rate, 
this will lead to an increase in inflation; if unemployment is above the natural rate 
this will lead to a decrease in inflation. To estimate the natural rate of unemployment 
we follow Blanchard’s (1984) suggestion that it corresponds to the unemployment 
average of the last decade; and we use HP and Kalman filters to compare our results 
with Blanchard’s. The similarity of the estimation between the HP and Kalman 
filters is that its estimates move closer, especially during the years 1981 and 1999. 
As a result, the size of the unemployment gap is smaller, when determined using the 
Kalman filter, during the 1980s and 2000s (see Figure A4 in appendix).  
Our estimation using average of last decade is closer to the HP filter. Orphanides and 
Williams (2002) used the Kalman filter model for estimating NAIRU. Ball and 
Mankiw (2002) posited a simple acceleration in the Phillips curve relating the annual 
change in inflation to the annual unemployment rate. The estimation of the natural 
rate of unemployment was achieved by applying the HP filter. Berntsen, Menzio and 
Wright (2009) investigated the relationship between inflation and unemployment in 
the long run in the US economy, applying the HP filter to all the series used in their 
study, including unemployment rate, to get the business cycle. They used the HP 
filter to extract the stochastic long-run trend of the inflation rate and unemployment 
rate for the US economy covering the period 1955–2005.  
  82 
3. Inflation expectation 
One of the difficulties in formulating and testing the expectations of inflation is the 
lack of direct data on price expectations in most developing countries. In this case, 
we can use the lagged inflation of expected inflation series based on past observed 
inflation rates, following Blanchard and Sheen (2009).
9 
 
4.4.3 Model specification 
As stated earlier, this chapter examines the relationship between i) inflation and 
unemployment, ii) growth and unemployment growth, and iii) growth and inflation 
in Libya for the period 1962 to 2009. 
4.4.4 Co-integration and error correction mechanism 
 Firstly we will analyse the three relationships using co-integration and error 
correction mechanism of the following forms: 
(ln , ln ) 0 (4.1)
(ln , ln ) 0 (4.2)
(ln , ln ) 0 (4.3)
t t
t t
t t
f UNEMP CPI
f UNEMP RGDP
f RGDP CPI
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 
 
 
Where lnUNEMP is a natural logarithm of number of unemployed persons at time t, 
RGDP is a natural logarithm of real gross domestic product at time t, and CPI is a 
natural logarithm of the consumer price index at time t.  
The natural logarithm is considered because when the first difference of these 
variables is considered in the VECM (if co-integrated), the first differenced variables 
will be unemployment growth, inflation and economic growth. Most macroeconomic 
                                                 
9
 For inflation expectation, it can be used as period lagged inflation (
1 t
e  ). 
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time-series are non-stationary, i.e. have unit roots. The variables tend to show similar 
increasing or decreasing patterns over time. Hence, before proceeding with further 
analysis, the data must be tested for the existence of unit roots using the various tests 
available in the econometrics literature. 
From Equations (4.1), (4.2) and (4.3), if ln tUNEM and ln t
RCPI  , tUNEMPln  and 
tRGDPln and RGDPln  and CPIln are co-integrated then the VECM model can be 
written as follows: 
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1 1
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Similarly, from Equation (4.2) if ln tUNEM and ln tRGDP  are co-integrated then the 
VECM model can be written as follows: 
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Similarly, from Equation (4.3) if ln tCPI and ln tRGDP  are co-integrated then the 
VECM model can be written as follows: 
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1tECM  Error correction term with a one year lag; it will measure the speed of 
adjustment of the return to co-integrated relationships.  
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As mentioned above, this study has two main objectives: to apply Johansen’s co-
integration procedure (Johansen & Juselius, 1990) and VECM in order to examine 
long-run and short-run relationship between the pairs of variables mentioned in 
Equations (4.1–4.3). Libya has experienced fluctuations in oil price since 1973. The 
Chow test (Chow, 1960) has been employed to test the existence of endogenously 
determined structural breaks. We found two break points in 1973 and 1984. 
Therefore we considered two dummy variables ( 73 84D and D ). The Chow breakpoint 
test shows that there is a breakpoint in 1973 and 1984 (Figure A1 in Appendix). 
When we tested for another year, 1992, as a break point, (F) test showed significant 
results for 1973 and 1984. Therefore we conducted our analysis for two different 
periods, e.g. 1962 to 2009 and 1974 to 2009, separately. 
As Libya is an oil-producing country, oil price increases could be an important cause 
of inflation and output slowdowns, which can cause unemployment. Thus, we 
introduced a dummy variable for oil price (1973 and 1984) as an exogenous variable 
in all three models. 
4.4.5 Gap models 
The standard specification of the Phillips curve relates the inflation rate to the 
unemployment rate. Other measure variables are widely used as proxy for the 
unemployment rate, such as RGDP and output gap (Khalaf & Kichian, 2005). Phelps 
(1967) and Friedman (1968) argue that there is no simple trade-off between inflation 
and unemployment, and produced the so-called ‘expectations-augmented Phillips 
curve’. In recent years most researchers have used the new Keynesian Phillips curve 
(NKPC). Adams and Coe (1990) estimated output gap (the gap between actual GDP 
and potential GDP), unemployment gap (the gap between actual rate of 
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unemployment and natural rate of unemployment) and inflation expectation. They 
used three distinguishing features, the natural rate of unemployment, potential 
output, and inflation expectation, then included dummy variables for specific 
periods. 
In this study, we use two models used for different purposes and by different authors.  
First model 
For the relationship between inflation and unemployment we use a model used by 
Gordon (1996), Ball and Mankiw (2002), Rudd and Whelan (2005) and Mazumder 
and Ball (2011). The simple Phillips curve can be estimated by using the following 
equations: 
 
*( *) ( ) (4.10)
01 01 01,
e U U U U
t t t t t t t
           
              
Where, *
t tU U  is the unemployment gap
10, t  is inflation and 
e
t  is the expected 
inflation at time t. Inflation should have a negative relationship with the 
unemployment gap. The Phillips curve is extended to include the term
*( )U U
t t
 
, 
which represents the change in unemployment gap over time to affect inflation.  
  
                                                 
10
 Output gap is the natural log of actual RGDP subtracted from the natural log of potential RGDP. 
Similarly, the unemployment gap is the difference between the unemployment rate and the 
potential unemployment rate. The potential RGDP and unemployment rate are calculated using the 
HP filter. 
  86 
Second model  
The model chosen to investigate the relationship between output and unemployment 
as suggested by Okun (1962) is a ‘gap’ equation of the type:  
* *
02 02 02,( ) (4.11)t t t t tY Y U U e        
Where *
t tY Y  is the RGDP gap at period t, 
*
t tU U  is the unemployment gap at 
time t, and 02 0  . 
Third model  
The relationship between inflation and the output gap is investigated using a model 
based on the framework used by Blanchard (1984) and the application made by 
Hutchison and Walsh (1998), Coe and McDermott (1997) and Orphanides and 
Simon (2005). An estimation of the relationship between output–inflation that 
includes controls for the expected inflation and supply shocks is made, and the 
following is the equation we need to investigate: 
( *) (4.12)
03 03 03 03,
eY Y e
t t t t t
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Where, *
t tY Y  is the RGDP gap at period t and 
e
t  is the inflation expectation at 
time t.  
First we estimate Equations (4.10), (4.11) and (4.12) using OLS. Then we use 
Generalised Method of Moments (GMM) to address possible endogeneity problems. 
GMM will provide us with better estimates of the coefficients.  
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4.5 Empirical results 
In this section, we focus first on long and short runs to estimate the relationship 
between inflation–unemployment, RGDP–unemployment and RGDP–inflation. 
Before moving on to focus on gap models based on static and dynamic regressions of 
the following relationships: unemployment gap on expected inflation, unemployment 
gap on output gap, and inflation expectation on output gap.  
We analyse the effect of inflation on unemployment. We would expect that high 
rates of inflation will lead to a reduction in unemployment, and within this context, 
we investigate the empirical relationship between inflation and unemployment for 
both the short and long run in Libya. We go on to analyse the effect of RGDP on 
unemployment. We would expect that high rate of RGDP will lead to decrease the 
unemployment in both the short and long run. Lastly we analyse the effect of RGDP 
on inflation. We would expect that an inverse relationship exists between these 
variables.  
4.5.1 Evaluating the long-run relationships between inflation, unemployment 
and RGDP 
Our empirical exercise is composed of three parts. First we test for the existence of 
unit roots for each series using the Augmented Dickey–Fuller (ADF), Phillip–Perron 
(PP) and Kwiatkowski–Phillips–Schmidt–Shin (KPSS) tests; next we determine the 
number of co-integrating vectors in the system using Johansen’s co-integration tests 
and calculate the normalised long-run equilibrium equations for the variables 
included in this study; and finally we estimate the vector error correction model. The 
optimal lag lengths for unit root and Johansen’s co-integration tests are decided by 
the AIC. 
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4.5.2 Unit root testing 
Table 4.3 presents the unit root test for the selected series, based on a total of 48 
observations for the period 1962–2009. The unit root test is used to test the 
stationarity of inflation, unemployment, RGDP, unemployment gap (UNEMPgap) 
and output gap (RGDPgap); the null hypothesis is that there is a unit root in the data 
generating mechanism of the series. These tests are performed with intercept only 
(C) and both intercept and trend (C&T). The results show that all the variables 
analysed are non-stationary at levels including intercept as well as trend and 
intercept, but the UNEMgap and GDPgap are stationary in level for both intercept 
and trend & intercept. Therefore the null hypothesis cannot be rejected for three 
variables: lnUNEMP, lnRGDP and lnCPI. We conclude that the two variables under 
study are not integrated. 
However, any series may be made stationary by differencing the data in the first 
instance. By using first difference the ADF, PP and KPSS tests indicate that 
∆lnUNEMP, ∆lnRGDP and ∆lnCPI are stationary. Thus, these variables are 
integrated with order one I (1). Once the two variables are made stationary, they can 
be used in regression analysis. Since there is a structural breakpoint in 1973 and 
1984 we have used the data series from 1974 to 2009. 
  
  89 
Table 4.3: Augmented Dickey–Fuller, Phillips–Perron and Kwiatkowski–Phillips 
Schmidt–Shin Unit Root Test (C&T)# 
 ADF PP KPSS 
 C C&T C C&T C 
 Time period: 1962–2009 
lnUNEMP 
∆lnUNEMP 
-1.291 
-1.777 
-2.428 
-0.908 
1,264 
-1.777 
-2.191 
-1.494 
0.786 
0.600* 
lnRGDP 
∆lnRGDP 
-1.449 
-4.005*** 
-1.750 
-3.567** 
-1.037 
-5.152*** 
-1.702 
-5.896*** 
0.778 
0.381** 
lnCPI 
∆lnCPI 
  -1.859 
-4.821*** 
-0.258 
-5.093*** 
-1.518 
-5.035*** 
-0.851 
-5.220*** 
0.870 
0.257*** 
UNEMgap -3.380*** -3.318*** -2.663* -2.630 -0.051*** 
GDPgap -4.039*** -3.979*** -4.469*** -4.409*** 0.048*** 
 Time period: 1974–2009 
lnUNEMP 
∆lnUNEMP 
-0.980 
-3.304** 
-2.054 
-2.356** 
0.926 
-3.306** 
-3.026 
-3.481** 
  0.715* 
0.337*** 
lnRGDP 
∆lnRGDP 
0.064 
-6.325*** 
-0.979 
-6.327*** 
-0.109 
-6.366*** 
-1.281 
-6.350*** 
0.593* 
0.168*** 
lnCPI 
∆lnCPI 
-2.092 
-4.399*** 
-0.662 
-5.293*** 
-2.617 
-4.667*** 
-0.847 
-5.340*** 
0.662 
0.428** 
UNEMgap -5.041*** -4.948*** -5.035*** -4.943*** 0.049*** 
GDPgap -3.556*** -3.497*** -3.565*** -3.793*** 0.052*** 
Note: ***, ** and * imply significant at 1%, 5% and 10% level respectively. 
 # (C) indicates the intercept and (T) indicates the trend 
4.5.3 Long-run relationship between CPI, UNEMP and RGDP 
In this section we use the Johansen–Juselius (1990) methodology to test for the 
existence of any long-run relationship among the variables for Equations (4.1), (4.2) 
and (4.3). We estimate a long-run Phillips coefficient, Okun coefficient, and the 
relationship between RGDP and CPI by co-integration techniques. We also include a 
time trend to capture the effects of other trends, but ignore some models which may 
have positive or negative effects or not be significant at any level. 
4.5.4 Co-integration testing 
Our econometric results of the co-integration test, reported in Tables 4.4, 4.5 and 4.6, 
are based on Equations (4.1), (4.2) and (4.3) for the periods 1962–2009 and 1974–
2009, applying Johansen’s maximum likelihood technique. The second and third 
columns of the tables show the null and alternative hypothesis, while the fourth 
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column shows Traceand   max  test statistics. The trace statistics and maximum 
eigenvalues are revealed as greater than the critical value at different level of 
significance. Hence, from Tables 4.4, 4.5 and 4.6 we observe that there are two co-
integrating vectors among the two variables included in the three equations. This co-
integrating relationship is further verified by the significance of both 
Traceand   max  test statistics. Johansen’s maximum likelihood technique is a 
better method for testing co-integration. The asymptotic distribution of 
Traceand   max  test statistics follows 
2 - distribution and helps in identifying 
the number of co-integrating vectors. In the case of the relationship among lnCPI-
lnUNEMP, lnRGDP-lnUNEMP and lnRGDP-lnCPI, we conclude that the null 
hypothesis of no co-integration is strongly rejected. 
Table 4.4 shows the results of the co-integration analysis. The first half of the table 
shows the long-run relationship between lnCPI and lnUNEMP for the period 1962–
2009, and the second half shows the relationship for 1974–2009. From the first half 
of the table it is clear that the variables are co-integrated; therefore, there is drift in 
the long run. Moreover, the relationship between lnCPI and lnUNEMP is negative 
and significant for the period 1962–2009, meaning that an increase in unemployment 
of 1% will lead to a decrease in inflation of 3.6% per annum. These results are 
consistent with notable studies in the literature (Augmented Phillips curve, 1958 and 
the 2006 study by Pallis) for investigating the relationship between inflation and 
unemployment, which implies a trade-off between the two.  
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Table 4.4: Johansen’s co-integration test for variables lnCPI and lnUNEMP 
1962-2009 Hypothesis Alternative  Eigenvalue max  Trace  
Var(2) r =0 r=1 0.316 15.581*** 
22.169*** 
 r≤1 r=2 0.148 6.589*** 
6.589*** 
LR estimates  
lnCPI = 8.019 – 0.367** lnUNEMP          exogenous : D73 and D84 
                          (-2.030)               
1974–2009 Hypothesis Alternative Eigenvalue max  
Trace  
Var(2) r =0 r=1 0.318 12.267* 
15.938*** 
 r≤1 r=2 0.108 3.671** 
3.671** 
lr estimated 
  lnCPI = 18.950 – 1.298** lnUNEMP             exogenous: D84 
                                (-2.687)         
Note: The analysis was performed including time tread, but this was not significant and was excluded from the analysis. 
 
Table 4.5 shows the long-run relationship (LR) between lnUNEMP and lnRGDP for 
both periods. Since the two variables are co-integrated, the results of the first and 
second periods are based on Equation (4.2), and we can see the coefficient of 
UNEMP is negative and significant, indicating a long-run relationship between 
lnRGDP and lnUNEMP for the period 1962–2009. The finding for the next period 
shows the negative and significant effect UNEMP on RGDP. This is an expected 
finding consistent with Okun’s Law, which shows a negative relationship between 
GDP and unemployment. 
Table 4.5: Johansen’s co-integration test for variables lnRGDP and lnUNEMP. 
1962–2009 Hypothesis Alternative Eigenvalue max  Trace  
Var(3) r =0 r=1 0.441 22.668*** 
33.683*** 
 r≤1 r=2 0.246 11.015 
11.014* 
LR estimates  
lnRGP = 2.777-1.460***lnUNEMP +0.164*** t exogenous: D73 and D84 
                           (-5.014)                   ( 5.559)       
1974–2009 Hypothesis Alternative Eigenvalue max  
Trace  
Var(3) r =0 r=1 0.597 28.197*** 
37.939*** 
 r≤1 r=2 0.270 9.741 
9.741 
LR estimated 
  lnRGDP = 5.718 – 0.919*** lnUNEMP + 0.124***t  
                                 (-4.576)                        (5.591) 
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Finally, our econometric results are reported in Table 4.6, which is based on the 
estimation of Equation (4.3). As usual we present the finding of the first period 
1962–2009 then present the next period 1974–2009 for estimating the relationship 
between lnRGDP and lnCPI. It is clear from Table 4.6 that the relationship between 
inflation and RGDP is negative and highly significant at 1%. For the next period we 
find the same relationship between inflation and RGDP. Our results are consistent 
with the study by Lucas (1973), who finds a trade-off between inflation and GDP.  
Table 4.6: Johansen’s co-integration test for variables lnRGDP and lnCPI. 
1962–2009 Hypothesis Alternative Eigenvalue max  Trace  
Var(2) r =0 r=1 0.453 27.135*** 
32.219*** 
 r≤1 r=2 0.107 5.084 
5.084 
LR estimates  
lnRGP = 11.00 -1.076***lnCPI + 0.088*** t   exogenous : D73 and D84 
                          (-4.999)               ( 8.595)       
1974–2009 Hypothesis Alternative Eigenvalue max  
Trace  
Var(2) r =0 r=1 0.438 20.764*** 
26.626** 
 r≤1 r=2 0.150 5.861 
5.861 
LR estimated 
  lnRGDP = 10.241- 0.809*** lnCPI + 0.080*** t     exogenous : D84 
                                (-5.640)                  (11.734) 
4.5.5 Error correction mechanism (ECM) 
Since the variables of our models are co-integrated in the long run, we proceed to test 
the VECM, which represents the short-run relationship among the variables under 
study. The Log changes in the relevant variables represent short-run elasticities, 
while the ECM terms represent the speed of adjustment back to the long-run 
relationship. The estimates of parsimonious dynamic ECM are based on Equations 
(4.4), (4.6) and (4.8); the results are reported in Tables 4.7, 4.8 and 4.9. The first half 
of each table shows the period 1962–2009 and the second half shows the relationship 
for 1974–2009. We include two dummy variables, D73 and D84, for first period but 
only D84 for the next period.  
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Table 4.7 presents the results of the error correction models for ∆lnCPI and 
∆lnUNEMP for both periods. The estimated coefficients show the immediate impact 
of ∆lnCPI on ∆lnUNEMP; the ECM terms are negative and significant for both 
periods. For the period 1962–2009 the ECM term is -0.036, which suggests that 
∆lnCPI is corrected by 3.6% per annum. The ∆lnUNEMP is corrected by 3.1% per 
annum in the same period. In the period 1974–2009, it is clear that the estimated 
ECM terms are negative and significant for ∆lnCPI, meaning that the speed of 
adjustment in Equation (4.4) is very small at 0.9% per annum. Similarly, ECM for 
∆lnUNEMP has a correct negative sign and is significant at 1%, with a t-value of 
3.274, and can be corrected by 1.3% per annum. 
Table 4.7: Estimated co-efficient using VECM for CPIln and UNEMPln  
 1962–2009 1974–2009 
Variables CPIln  UNEMPln  CPIln  UNEMPln  
1tECM  
-0.036* 
(-1.805) 
-0.031*** 
(-3.354) 
-0.009* 
(-1.715) 
-0.013*** 
(-3.247) 
1ln  tCPI  
0.134 
(0.916) 
-0.053 
(-0.793) 
0.130 
(0.794) 
-0.073 
(-0.876) 
2ln  tCPI  
0.152 
(1.034) 
-0.003 
(-0.491) 
0.204 
(1.223) 
-0.031 
(-0.368) 
1ln  tUNEMP  
-0.074 
(-0.232) 
0.172 
(1.177) 
-0.056 
(-0.174) 
0.148 
(0.901) 
2ln  tUNEMP  
0.235 
(0.729) 
0.247* 
(1.766) 
0.091 
(0.281) 
0.247 
(1.489) 
73DUM  
0.021 
(0.495) 
0.100*** 
(5.251) 
  
84DUM  
0.027 
(0.600) 
0.076*** 
(3.650) 
0.017 
(0.409) 
0.073*** 
(3.248) 
Constant 
-0.014 
(-0.362) 
-0.088*** 
(-5.041) 
0.009 
(0.299) 
-0.091*** 
(-3.999) 
2R  
0.462 0.917 0.281 0.633 
Adj. 
2R  
0.105 0.899 0.109 0.544 
Standard Error 0.055 0.025 0.055 
0.028 
AIC -2.772 -4.332 -2.773 
-4.088 
F-stat 1.674* 52.151*** 4.608*** 
30.089*** 
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Table 4.8 presents the results of for ∆lnRGDP and ∆lnUNEMP based on Equation 
(4.6). The estimated coefficient of ∆lnRGP does not show an impact on ∆lnUNEMP 
for the period 1962–2009. The ECM terms are positive and not significant for 
∆lnRGDP, but are significant for ∆lnUNEMP at 1%. When we re-estimate the model 
and include dummy variable D84 for the next period (1974–2009), we find a 
significant result for both variables. The ECM term is -0.25, which suggests that 
∆lnRGP is corrected by 25% per annum. The ECM for ∆lnUNEMP is -0.16 and can 
be corrected by 16% per annum. These results are consistent with Okun’s Law for 
the negative relationship between these two variables. 
Table 4.8: Estimated co-efficient using VECM for UNEMPRGDPand lnln  . 
 1962–2009 1974–2009 
Variables RGDPln  UNEMPln  RGDPln  UNEMPln  
1tECM  
0.022 
(0.268) 
-0.085*** 
(-4.730) 
-0.252* 
(-1.783) 
-0.163*** 
(-4.601) 
1ln  tRGP  
-0.149 
(-0.729) 
0.092** 
(2.029) 
0.026 
(0.114) 
0.124** 
(2.167) 
2ln  tRGDP  
0.085 
(0.466) 
0.132*** 
(3.257) 
0.409* 
(1.759) 
0.200*** 
(3.431) 
3ln  tRGDP  
0.170 
(0.848) 
0.085* 
(1.912) 
0.537** 
(2.216) 
0.119* 
(1.951) 
1ln  tUNEMP  
-0.454 
(-0.639) 
-0.003 
(-0.018) 
-1.154* 
(-1.672) 
-0.014 
(-0.083) 
2ln  tUNEMP  
-0.767 
(-1.187) 
0.165 
(1.149) 
-0.796 
(-1.274) 
0.170 
(1.087) 
3ln  tUNEMP  
0.372 
(0.587) 
0.074 
(0.524) 
0.652 
(1.082) 
0.017 
(0.117) 
73DUM  
0.011 
(0.125) 
0.068*** 
(3.396) 
  
84DUM  
0.128* 
(1.657) 
0.042** 
(2.446) 
0.112* 
(1.657) 
0.005 
(0.299) 
Constant 
-0.002 
(-0.021) 
-0.053*** 
(-3.171) 
0.033 
(0.643) 
0.063*** 
(4.470) 
2R  
0.561 0.935 0.342 0.736 
Adj. 
2R  
0.031 0.915 0.103 0.640 
Standard Error 0.104 0.023 0.100 0.025 
AIC -1.470 -4.478 -1.529 -4.296 
F-stat 1.136 46.420*** 1.430 7.667*** 
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Table 4.9 presents the results of the ECM for ∆lnRGDP and ∆lnCPI. The ECM terms 
of ∆lnCPI are positive but not significant for both periods. We include two dummy 
variables, D73 and D84, for 1962–2009; the results show significance of ∆lnRGDP 
and D73 but not of ∆lnCPI. In the next period, the coefficient of ECM for ∆lnRGDP 
is found to be not significant even when we include a dummy variable. We conclude 
that a short-run relationship does not exist between ∆lnRGDP and ∆lnCPI. 
In all short-run equations, 2R  is quite high and suggests the models have a fairly 
good fit. The models are statistically significant in terms of the standard F-test. 
Table 4.9: Estimated co-efficient using VECM for CPIRGDPand lnln  . 
 1962–2009 1974–2009 
Variables RGDPln  CPIln  RGDPln  CPIln  
1tECM  
-0.371*** 
(-4.726) 
-0.052 
(-0.915) 
-0.616*** 
(-4.735) 
0.071 
(0.686) 
1ln  tRGP  
-0.138 
(-1.111) 
0.058 
(0.654) 
0.028 
(0.189) 
-0.024 
(-0.199) 
2ln  tRGDP  
0.035 
(0.275) 
-0.031 
(-0.343) 
0.232 
(1.632) 
-0.019 
(-0.167) 
1ln  tCPI  
-0.172 
(-0.771) 
0.211 
(1.307) 
0.108 
(0.415) 
0.089 
(0.430) 
2ln  tCPI  
0.139 
(0.622) 
0.251 
(1.558) 
0.425 
(1.585) 
0.184 
(0.862) 
73DUM  
0.114** 
(2.007) 
0.061 
(1.487) 
 
 
 
84DUM  
-0.021 
(-0.611) 
-0.034 
(-1.394)  
-0.100** 
(-2.777) 
-0.026 
(-0.894) 
Constant 
-0.009 
(-0.192) 
-0.005 
(-0.130) 
0.078* 
(1.942) 
0.057* 
(1.782) 
2R  
0.484 0.231 0.517 0.236 
Adj. 
2R  
0.387 0.085 0.417 0.078 
Standard Error 0.086 0.062 0.079 0.063 
AIC -1.910 -2.565 -2.064 -2.513 
F-stat 4.968*** 1.586 5.174*** 1.495 
Notes: i) *, ** and *** indicate significant at 10%, 5% and 1% levels respectively. 
       ii) Figures in parentheses represent the t-statistics. 
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4.5.6 The relationship between inflation, output and UNEMP using GMM and 
OLS  
To get further support and to test the robustness of our results, the final set of 
regressions is run using generalised method of moment (GMM). This subsection 
shows our estimations of the relationship between inflation and the selected variable 
using GMM, and comparing the results to the co-integration and VECM methods. 
Following Arellano and Bover (1995), this method corrects for measurement errors 
and simultaneity problems by using internal instruments (lagged independent 
variables).  
The estimations were performed using the software Eviews 8. (Wooldridge, 2009) 
points out that to obtain a more efficient estimator than two-stage least squares (or 
ordinary least squares), one must have over identifying restrictions. With time series, 
we can add moment conditions by assuming past values of explanatory variables, or 
even past values of the dependent variable; and ... if we start with a static equation, 
such as a simple Phillips curve with inflation as the dependent variable, we could 
apply generalised method of moments using dummy variables (namely D73 and 
D84) and current and lagged unemployment, inflation and output as the instrumental 
variables. 
A standard GMM estimation for the Taylor rule (Taylor, 2001) is to estimate the 
model parameters by GMM with a limited number of lagged variables included in 
the instrument set. Yau’s (2010) empirical findings for the Taiwan economy indicate 
that the proposed instruments are inflation expectations and output expectations. 
Karanassou, Sala and Snouer (2008) estimated a standard single-equation Phillips 
curve by GMM for the EU. They find a long-run inflation–unemployment trade-off 
with the value of the coefficient between -3.1 and -3.5, depending on the specific 
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instruments. Mendonca (2007) used two models for investigating the relationship 
between inflation, output and unemployment for Brazil using GMM. He used lags 
for inflation, unemployment and output as instrumental variables. 
In our study, the chosen instruments’ variables need to be dated to the period (t-1) or 
earlier, and the estimations apply the following instrument variables in the two 
models (as shown in the Tables 4.10, 4.11 and 4.12): 
e
t
e
ttttt YYYY 21221
*
1 ,),*(),(     , dummy variables (for two years as we 
mentioned in the previous section; 1973 and 1984) and 
1)(*),(  ttttt UUUU . Since 
the variables included in our regressions are covariance stationary, i (0), according to 
ADF and PP tests (see Table 4.3).  
Table 4.10 shows the results for the relationship between expected inflation and 
unemployment gap. It shows the estimated coefficient using Equation 4.10 for both 
periods. GMM shows several estimations for the Libyan Phillips curve based on 
Equation 4.10. The first half of the table shows the two methods by applying GMM 
and OLS for the period 1962–2009 and the second half shows the relationship for 
1974–2009. In column (1) where we present GMM, the inflation expectation and 
unemployment gap are significant at 5%. Inflation expectation has a positive effect 
on inflation and unemployment gap has a negative effect on inflation. It can be seen 
from the first column that we exclude the first difference of unemployment gap as 
the outcomes are not significant at any level for the period 1962–2009. The estimated 
coefficient of unemployment gap has a negative effect on inflation, indicating that 
there is a trade-off between inflation and unemployment. The results shown in 
column (2) where we present OLS, reveals the same relationship. These results 
suggest that acceleration in the unemployment gap contributes to a decrease in the 
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inflation rate. The justification for this is that a decrease in unemployment must be 
associated with an increase in production, and as a consequence, there is an increase 
in the aggregate supply, but any increase in aggregate supply will neutralise possible 
demand pressure, driving inflation to a lower level.  
For the next period (1974–2009), we present the GMM estimation, followed by the 
OLS estimates. In order to see the effect of UNEMPgap and the first difference of 
UNEMgap on inflation, we first report our GMM estimates in column 3. We see that 
the coefficient of UNEMPgap is not significant, but there is high significance at 1% 
when the change in UNEMPgap is considered. This point is in disagreement with the 
results reported for 1962–2009. In column 4 where we present OLS, we find the 
same results for the non-significance of UNEMPgap. This result is not consistent 
with Mazumder and Ball (2011), who present an augmented Phillips curve by 
including the change in unemployment in the model. 
Table 4.10: Estimated co-efficient using Equation (4.10) 
Dependent variable: Inflation 
 1962 – 2009 1974 – 2009 
Explanatory variables (1) GMM (2) OLS (3) GMM (4) OLS 
e
t  
0.548** 
(2.242) 
0.465*** 
(3.442) 
1.027* 
(1.734) 
0.498*** 
(3.376) 
)( *tt UU   
-3.011** 
(-2.612) 
-2.488* 
(-1.810) 
-3.696 
(-0.892) 
-0.375 
(-0.195) 
)( *tt UU   
 
 
 
-3.029*** 
(-3.453) 
-2.829* 
(-1.983)) 
C 
3.274* 
(1.758) 
3.965*** 
(3.621) 
-0.065* 
(-1.672) 
3.798*** 
(3.073) 
R-Squared 0.253 0.225 0.122 0.345 
F-Statistic  6.382***  5.451*** 
J-Statistic 7.037  0.651  
Instruments  
D84,UNEMgap(1), 
∆UNEMPgap. 
INF(-1) 
N/A 
D84,UNEMgap(1), 
∆UNEMPgap. 
INF(-1) 
N/A 
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Table 4.11 presents our econometric results for the relationship between RGDP gap 
and unemployment gap for Equation (4.11) by both methods. In column 1 we 
provide GMM estimates, followed by the OLS estimates in column 2. The results 
show that none of the estimated Okun’s coefficients are statistically significant. We 
find similar results when we utilise OLS estimates; the results show an expected 
finding for both methods for the period 1962–2009. For the second period (1974–
2009) in column 3, the coefficient of UNEMPgap is shown as negative and 
significant at 10%. These results are very similar to those found when we apply 
Johansen co-integration and VECM; they are also consistent with Okun’s Law. In 
column 4 where we present OLS estimates, the results are not similar to those 
presented by GMM. The coefficient of UNEMgap is not significant at any level. We 
can conclude that the results reported in column 3 can support Okun’s Law; this is 
consistent with Ho-Chuan and Lin’s (2006) finding of an inverse association 
between unemployment gap and output gap for the US economy, but is in contrast 
with the finding of Moosa (2008), that unemployment and output are unrelated in the 
selected sample of MENA countries.  
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Table 4.11: Estimated co-efficient using Equation (4.11) 
Dependent variable: RGDP gap 
 1962 – 2009 1974 – 2009 
Explanatory 
Variables 
(1) GMM (2) OLS (3) GMM 
(4) 
OLS 
)( *tt UU   
-0.226 
(-0.605) 
-0.093 
(-0.315) 
-1.296** 
(-2.447) 
-11.251 
(-0.032) 
C 
1.335 
(0.650) 
0.066 
(0.0419) 
-2.691** 
(-2.665) 
-0.317 
(-0.238) 
R-Squared 0.019 0.002 0.198 0.182 
F-Statistic  2.84  3.671** 
J-Statistic 10.554  3.556  
Instruments 
D74,D84, UNEMPgap(-
1), 
RGDPgap(-1), 
RGDPgap(-2), 
N/A 
D84, UNEMPgap(-1), 
RGDPgap(-1), RGDPgap(-2), 
RGDPgap(-3) 
N/A 
 
Finally, Table 4.6C shows the estimations for the relationship between expected 
inflation and RGDP gap for both periods by applying both methods for Equation 
(4.12). As usual we present the GMM estimates for 1962–2009 in column 1. We can 
see that the coefficient of inflation expectation is significant at 5% but the GDP gap 
is not significant at any level, which means that inflation cannot be affected by the 
GDP gap in the case of the Libyan economy. When we include more instrumental 
variables to our analysis, we achieve the same outcomes. In column 2 where we 
present OLS estimates, we can see that among the variables selected only inflation 
expectation is significant.  
The second half of the table presents the findings for 1974–2009. In column 3, GMM 
estimates show the coefficient of expected inflation is significant; the RGDP gap is 
not significant at any level. In column 4 we present the OLS estimates of inflation 
effect on inflation expectation and output gap. It can be seen that the coefficient of 
inflation expectation is significant but the coefficient of GDP gap is not significant at 
any level.  
  101 
We can conclude that our results for testing Equation 4.12 do not contribute to the 
literature or to the study conducted by Gali and Gertler (1999), who used inflation 
forecasts as a function of both lagged inflation and output gap for the US economy. 
Table 4.12: Estimated co-efficient using Equation (4.12) 
Dependent variable: Inflation 
 1962 – 2009 1974 – 2009 
Explanatory variables (1) GMM (2) OLS (3) GMM (4) OLS 
e
t  
2.342** 
(2.552) 
0.396*** 
(2.914) 
2.185** 
(2.397) 
0.406** 
(2.568) 
)( * tt YY   
-0.047) 
(-0.208) 
-0.022 
(-0.421) 
-0.166 
(-0.519) 
-0.057 
(-0.738) 
C 
-9.601 
(-1.449) 
4.442*** 
(3.999) 
-9.140 
(-1.319) 
4.437*** 
(3.325) 
 R-Squared 0.234 0.170 0.255 0.199 
F-statistic  4.521***  3.985** 
J-statistic 0.162  0.294  
Instruments 
D74,D84, 
RGDPgap(-1), 
INF(-1), INF(-2) 
N/A 
D84, RGDPgap(-
1), INF(-1), INF(-
2) 
N/A 
 
4.6 Conclusion and policy recommendations 
 The main purpose of this Chapter has been to empirically estimate the relationship 
between three macroeconomics variables, ∆lnCPI, ∆lnRGDP and ∆lnUNEMP, for 
the Libyan economy during the period 1962–2009. Results show that lnUNEM, 
lnRGDP and lnCPI were non-stationary in their levels although stationary in their 
first differences. To test for the stationarity of the Libyan time series data the ADF, 
PP and KPSS test were conducted for 47 time series observations. As there were 
structural breaks in the Libyan economy in 1973 and 1984, we performed the break 
point test and estimated the short and long run for both periods separately.  
This study uses unobserved components analysis to estimate potential output and the 
natural rate of unemployment, using a basic HP and Kalman filter models. To get 
robust results, first we estimate the short- and long-run relationship between selected 
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variables by applying Johansen co-integration and VECM. Then we estimate the gap 
model for the same relationship by applying two different methods covering two 
different periods of time: Ordinary Least Square (OLS) and Generalised Method of 
Moments regressions System (GMM). The estimated models are thus used to 
estimate the relationship between inflation–unemployment, inflation–output and 
output–unemployment. By considering the limitations imposed by the data used in 
estimation, it may be said that the Phillips curve framework is suitable for the task of 
estimating the trade-off between inflation rate and unemployment rate in Libya.  
In the next estimation, our results support a negative relationship between 
unemployment and RGDP in the short and long run, conforming to Okun’s Law 
indicating a negative relationship between GDP and unemployment. These results 
are very useful for policy developers in Libya to help them understand how a 
decrease in the change of unemployment will be associated with an increase of 
production level (increase in the aggregate supply) Therefore, an increase in the 
aggregate supply could lead to a possible increase in the aggregate demand.  
Our empirical results for Libya support a negative relationship argument for GDP 
gap and unemployment gap; however, the impact of the GDP gap on the 
unemployment gap is not as strong as it is shown in Okun’s Law context for the 
period 1962–2009. 
For the relationship between inflation and output in the third model in the short and 
long run, our results report an important negative effect of output on inflation that 
will provide useful information to monetary and fiscal authorities. One basic 
approach aims to control inflation indirectly by stabilising the growth rate of GDP. 
Central banks may prefer to respond to expected inflation. However, when we apply 
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OLS and GMM, the empirical findings for both methods do not confirm a 
relationship between expected inflation and output gap. 
Both the short- and long-run results should indicate to the policymaker that monetary 
policy must pay attention to the theory showed by Okun’s Law and Phillips curve 
that rapidly reducing unemployment will tend to increase the inflation rate. There is a 
choice to be made between encouraging high GDP growth and reducing the high rate 
of unemployment: as the slope of inflation–unemployment function in our results 
implies, large inverse movements in the unemployment rate are likely to have 
important consequences to in economic and social structure of the country. 
The implications of these findings for policy makers in Libya are manyfold. First, the 
economy presently dominated by the public sector should be opened to the private 
sector, to motivate new job seekers. The dependence on oil revenue should be 
lessened and instead productive sectors of the economy such as the service sector 
and petroleum-based manufacturing industries should be encouraged. If a country’s 
policy is such that its labour-intensive industries (or sectors) have an incentive to 
grow at high rates, the growth achieved will be employment intensive. All that would 
be needed to achieve such a result would be to ensure that the policy environment is 
conducive to the growth of labour-intensive sectors in the economy. We know that 
greater trade openness leads labour-rich countries to specialise in the production and 
export of goods which intensively utilise their abundant workforce. As the weight of 
such labour intensive industries increases there should be a rise in the employment 
intensity of output across the economy. This process should continue until the 
surplus is exhausted. To achieve this, the trade sector should be opened more in 
future than it has been in the past. Moreover, the policymakers must be creative in 
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creating new jobs, so as to ensure that these jobs match jobseekers talents and skills. 
Incentives must be given to encourage a balanced blend between the usages of labour 
intensive techniques of production as well as high tech production capabilities. This 
will ensure that less skilled labour can still find suitable jobs.  
 The lessons from developed countries like the US and European Union show that 
this problem is more structural than cyclical, and that unemployment cannot be 
decreased by expanding the fiscal and monetary policy. Governments must ensure, at 
the same time that new investments into the country use production techniques that 
are suited to improve the skills of the labour force. 
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 CHAPTER 5
DETERMINANTS OF LONG-RUN GROWTH IN 
LIBYA
11
 
 
5.1 Introduction 
Economic growth is probably one of the most important research topics in modern 
economics. Like many developing countries, the primary focus of policies in Libya is 
to have a high growth rate, and for this to happen policy makers need to understand 
the determinants of growth as well as how polices affect growth. Over the last two 
decades, the performance of Libya has been disappointing in comparison with other 
MENA countries. It has been remarkably volatile and, at times, lower than that of 
poorly performing regions such as sub-Saharan Africa. 
This growth pattern is believed to be linked to several characteristics such as Libya’s 
heavy dependency on oil and hydrocarbon exports, high population growth, dramatic 
increase in unemployment rates, and low rates of return on investment in physical 
and human capital as most investments are carried out by the public sector. The 
relatively better growth performance in the 1970s and the first half of the 1980s can 
be largely attributed to a favourable external environment, in this case high energy 
export prices. This situation reversed in the second half of the 1980s and early 1990s, 
resulting in sharp declines in domestic investment, savings and growth. 
                                                 
11
 “Determinants of the long-run Growth rate of Libya” was published in the International Journal of 
Business and Social Science, Vol.5, No.5, April 2014. 
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As noted by De Gregorio and Lee (2000), growth performances in the last three 
decades have been very diverse among the countries in the world. While four East 
Asian nations grew extremely rapidly, at an average of over 6.0% per year in per 
capita terms between 1965 and 1995, many countries in Sub-Saharan Africa and 
Latin America regions recorded less than 1.0% average per capita income growth 
during the same period. These extremes of performance lead to the question of what 
can be done to improve growth.  
In this study we aim to answer two questions. Is the growth rate of RGDP in Libya 
sustainable? And what are the sources of growth in Libya? To answer these we 
require estimates of total factor productivity (TFP), which is the key variable that 
determines long-run economic growth (Solow, 1957) and short-run business cycles 
(Hodrick & Prescott, 1997). Obtaining reliable measures of TFP is of great 
importance for both economic analysis and economic policy, but the importance of 
identifying its determinants has received little attention in the empirical literature, 
and so this study attempts to make a contribution in this area. 
The structure of this chapter is as follows: we present the literature review and then 
the the theoretical framework from which the model and the estimation of TFP are 
developed. Empirical results are presented, followed by the conclusions and policy 
implications.  
5.2 Literature review 
The literature on the sources of growth of nations has been developing since the mid-
1950s, and the particular issue of determinants of growth has occupied the attention 
of economists for the last 15 years or so. However, gaps exist in this literature and 
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there appears to be no consensus about the methodology to analyse the determinants 
of growth.  
Both theoretical and empirical studies have documented the importance of TFP for 
long-run growth. The theory of economic growth considers how models offer 
different, but related, explanations of the process of growth. The major questions 
include are: (a) what are the most important components of TFP; and (b) what are the 
main determinants of economic growth in the long run?  
To answer these to questions with regard to Libya we require estimates of TFP, the 
key variable that determines long-run economic growth. Productivity growth has 
long been argued to be the ultimate determinant of long-run growth (see for instance 
Romer, 1986; Uzawa, 1965; and the Solow–Swan neoclassical growth model of 
1956).  
Solow (1956) develops a production function with substitutability between factors of 
production, modelling output growth as a function of capital, labour, and knowledge. 
The model assumes an exogenous and homogenous technology across countries, and 
implies that a country’s RGDP per capita growth negatively correlates with its initial 
level of income; this is known in the growth literature as convergence hypothesis. 
Solow’s approach for measuring TFP is the residual approach, whereby the value of 
the residual is obtained after the contribution of physical inputs is determined. The 
results depend critically on the specification of the production function. In literature, 
the Cobb–Douglas production function has typically been used. 
Economists use growth accounting analysis to test the neoclassical growth theory 
empirically and to evaluate the effect of physical capital accumulation on output 
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growth. The results of early growth accounting exercises raise questions about the 
role of capital accumulation in output growth. The large unexplained residual in 
Solow’s model calculations suggests that capital and labour accumulation do not 
fully explain output growth. Easterly et al. (2004) identify four stylised facts, 
suggesting that growth economists should focus on TFP and its determinants rather 
than factor accumulation: first, much of the empirical evidence gathered to date 
indicates that factor accumulation explains only a portion of the observed cross-
country output growth;
 
second, Easterly et al. (2004) argue, increasing divergence 
rather than convergence in per capita income levels occurs, which emphasises TFP 
with increasing returns to technology; third, time-series data show that physical 
capital accumulation persists over time and in most countries while per capita output 
growth does not persist, suggesting that models of steady-state growth (such as the 
Solow model) may fit the experience of the USA and other developed countries, but 
not those of many developing countries; and fourth, there is a tendency for the 
factors of production to ‘fly’ to the same places, which causes an increased 
concentration of economic activity. In such circumstances, it is more appropriate to 
use models with technological complementarities than a neoclassical model with 
homogenous technology.  
Renewed interest in productivity as a source of output growth has led to the 
development of new methods for the decomposition of output growth into input and 
productivity growth. Endogenous growth theory, initiated by Romer (1986) and 
Lucas (1973), departs from the neoclassical and focuses on explaining the Solow 
residual considering the effects of variables such as trade, human capital and 
endogenous technology on output growth. Greiner et al. (2005) used time series data 
for OECD countries based on various endogenous models, and find that human 
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capital formation and expenditure on education and development are important in the 
later stages of development.  
Many empirical studies of endogenous growth models argue that there is no 
agreement regarding the variables included in any model in order to explain growth. 
Easterly, Levine and Roodman (2004) mention that there are limitations in the 
literature of choosing specific variables from the economic theory, which often 
means there are more plausible specifications than there are data points in the 
sample. Durlauf et al. (2005) note that the number of potential growth improving 
variables, used in vaious empirical works, is as many as 145. Given this, country-
specific time series studies to identify fundamental determinants of growth are 
mostly encouraged by the availability of long enough time series data.  
Country-specific time series studies have investigated the growth effects of variables 
such as the investment ratio, trade openness, foreign direct investment, public 
investment, aid and progress of the financial sector. Khan (2006) estimated major 
determinants of TFP in Pakistan using data from 1960 to 2003. The results confirm 
that foreign direct investment and financial sector development play an important 
role in the increase of TFP. A study by Sabir and Ahmad (2003) differs slightly from 
Khan’s (2006) as it finds human capital, development expenditures and remittances 
are the important factors for determining TFP in the economy of Pakistan. 
5.3 Aggregate growth performance and sectoral growth patterns in 
Libya, 1962–2009 
Our objective is to explore how Libya’s overall growth has improved or declined 
since its independence and the successive periods of economic reform. Libya is a 
particular case in the MENA region. Whereas this country is vast and very rich in 
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natural resources, it has not managed to benefit from its potential to secure a better 
living standard for its population. Data show that in addition to low growth and, the 
rate of unemployment has continued to increase. 
Compared with other Arab countries, especially Gulf countries that also produce oil, 
Libya’s economic experience often is regarded as a spectacular failure despite its 
exceptional investment effort in infrastructure and heavy industries since 
independence. The disappointing economic performance proves well the 
characteristics of Libyan experience, which deserves a historical background. 
The purpose of this section is to provide detailed accounts during the period from 
1962–2009, of change in policies and environments in Libya that are potentially 
crucial to the understanding of the growth process. We will do so by dividing 
Libyan’s economic history into four sub-periods. 
1) 1962–1985 is the period that Libya laid foundations for its subsequent high and 
stable economic growth. When Libya became independent in 1956, the country 
undertook the construction of a socialist economy supported by heavy 
industrialisation and substantial investment in human capital. By the end of the 
1970s Libya was experiencing high and fast growth of income per capita, and 
investment was about 45% of national income. A slowdown of growth after 1980 
was partly a consequence of the decline in oil prices, which reduced the financing 
available for private and public investment. 
2) 1986–1988 was a period of macroeconomic instability, difficult adjustments and 
poor economic growth. A decline in oil price was the main characteristic of this 
period. By the late 1970s, the drawbacks of centralised planning were becoming 
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apparent. Despite large government investment in many different sectors, production 
and yields were not improving. The time required to complete large public 
investments projects became unduly long, which meant that capital was immobilised 
for long period without generating returns. Figure 5.1 shows the annual growth of 
local investment; it can be seen that there was a decline in investment during the mid 
1980s and 1990s, primarily due to the sharp decline in oil price during this period. 
Figure 5-1: Investment as a percentage of RGDP, 1962 to 2009 
 
Sources: Central Bank of Libya, 1980–1995 
       Libya Central Statistical Office, Annual Statistical Abstract (2000–2010). 
 
3) 1989–1994 corresponds with the first implementation of a structural adjustment 
program following the decline in the world oil price. The average annual growth rate 
during this period was only 0.4%. The recession continued in 1993 and 1994,
12
 and 
coincided with the imposition of sanctions by the United Nations from the early 
1990s. The oil sector’s production capacity was severely curtailed by the lack of 
foreign investment and technology. 
                                                 
12
 During 1990–1994, annual real growth was negative, averaging -0.8% (IMF, 2000). 
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4) 1995– 2000 saw new economic reforms implemented which led to improvement 
in economic growth. In the early 2000s Libya was able to achieve macro-economic 
stability as inflation dropped from 13.5% in 1999 to 2.8%. During this period the 
private sector factor accumulation improved considerably under the patronage of the 
government.  
5) 2001–2009 began with a moderate amount of growth, followed by a sharp 
increase in oil production as UN sanctions and US embargo were lifted in 2003 and 
2004 respectively. Consequently, a number of key macroeconomic variables such as 
inflation exchange rate changed under the effect of increased oil production and 
related oil price changes. During this period, oil revenue contributed between 60% 
and 90% of total government revenue (Central Bank of Libya, 2009). 
 Figure 5-2: RGDP growth in Libya from 1962 to 2009 
     
Sources: The central Bank of Libya, 1980, 1995, and 2009 
        National Authority for Information and Documentation. 
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5.4 Theoretical framework 
The neo-classical growth model is also known as the exogenous growth model or 
Solow growth model. In Solow’s model, there are two factors of production: capital 
and labour. Technology is exogenous and represented by a production function: 
),( LKfY   
The literature on the major determinants of economic growth, based on the general 
framework of cross-country regressions, is huge. As mentioned earlier, the 
theoretical foundations of this approach can be traced to the neo-classical Solow–
Swan–Ramsey model of growth, extended to incorporate government policies, 
human capital, fertility decisions and the diffusion of technology. According to this 
model, economies converge to a steady state where their growth rates are determined 
only by TFP growth. 
The Solow residual, i.e. TFP, represents the effect on GDP of factors other than 
physical capital and labour. According to the growth literature, we can identify the 
following groups of factors influencing TFP in the long run:  
 Geography (location, climate, natural resources)  
 Human capital (education, training, health) 
 Institutions (governance, democracy, freedom) 
 Culture (language, religion, history) 
 Population growth. 
Growth accounting is an empirical methodology that allows for the breakdown of 
observed growth of GDP into components associated with changes in factor inputs 
and in production technologies. The basics of growth accounting were presented in 
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Solow (1957), Kendrick (1976), Denison (1962), and Christensen and Jorgenson 
(1969). As our aim is to estimate the determinants of the long-run growth rate in 
Libya, our framework is based on the Solow (1957) exogenous growth model and 
our empirical methodology is based on the extensions to Solows’ works by Mankiw 
et al. (1992) and Senhadji (2000).  
 The neo-classical model states that, at any point in time, the total output of an 
economy depends on the quality and quantity of physical capital employed, the 
quantity of labour employed and the average level of skills of the labour force. 
However, once the economy reaches full equilibrium, additional growth in the stock 
of capital per worker will only take place if productivity increases, either through 
enhanced capital stock or through improvements in the quality of the labour force. 
As is common in the growth accounting literature, it is useful to focus first on three 
major factor categories: physical and human capital, labour, and output. The 
relationship between GDP and these three factors in given period t is typically 
summarised by a Cobb–Douglas relationship. 
Theory and evidence suggest that several factors can contribute to TFP growth. 
Economic policies and institutions play a key role in increasing TFP, as highlighted 
in the endogenous growth literature. Research and development can be important 
determinants of TFP growth (Romer, 1986). Foreign direct investment can contribute 
to TFP through indirect technology (Coe, Helpman & Hoffmaister, 1997). Trade 
openness can contribute to TFP by allowing an economy greater access to imports of 
equipment and machinery, as well; some domestic firms can be subjected to external 
competition (Grossman and Helpman, 1991). 
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There are many ways of measuring TFP, but we follow the methodology used by 
Senhadji (2000), who used the extended model and growth accounting framework of 
Solow (1957) to conduct a growth accounting exercise for a sample of 88 developed 
and developing countries. He estimated TFP as the Solow residual for all 88 
countries, and also examined its determinants. 
In this study we use time series technique to estimate TFP, before focusing on a 
sample of key determinants of TFP in Libya. The determinants used in this study are 
as follows:  
Foreign direct investment (FDIRAT=FDI/GDP): traditionally, FDI is viewed as a 
key channel for the transfer of advanced technology and superior organisational 
forms from industrialised to developing countries. FDI is believed to generate 
positive externalities in the form of knowledge to the domestic economy through, for 
instance, linkages with local suppliers and clients (called backward and forward 
linkages). Learning from nearby foreign firms and employee training programmes 
play an important role in driving growth through increases in productivity. FDI 
brings technology and creates employment, helps to apply new methods of 
production, and enhances productivity by bringing competition into the economy; it 
also improves the quality of labour and capital inputs in the host economy. Keller 
and Yeaple (2003), studying plants in the US from 1987–1996, find a strong link 
between FDI and growth, attributing approximately 14% of productivity growth over 
this period to indirect FDI. 
Trade openness (TRAT): this is the ratio of imports plus exports to GDP. The 
sharing of international knowledge affects growth positively; and it is believed that 
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open economies grow more rapidly because they have greater access to advanced 
technologies that contribute to TFP. 
Government expenditure (GRAT): we use government expenditure as a share of 
GDP to observe its effect on TFP. Ranis (1989) argues that government can both 
foster and hinder the process of economic growth, depending upon the nature of its 
activities. 
Time trend (T): time trend captures the effects of technical progress. Hasan (2002) 
studied Indian manufacturing firms between 1976–1977 and 1986–1987. He 
investigated how productivity was affected by various embodied and disembodied 
technology inputs. In terms of the former, he found a generally significantly positive 
effect of imported new capital goods on productivity. 
Inflation rate (INF): used to capture the stability of economy, it is hypothesised as a 
necessary condition for TFP growth. Inflation adds to economic growth by 
generating employment or merely by increasing the working hours of employed 
labour, and so a positive relationship between inflation and TFP can be expected. 
Akinlo (2006) studied the macroeconomic factors and total factor productivity 
growth in sub-Saharan countries, taking inflation as one of the indicators for 
macroeconomic stability of total factor. He finds a negative relationship between 
inflation and TFP. 
Oil revenue (OILR): Libya is a major oil exporting country. Oil price is an major 
exogenous shock that can affect TFP. Fluctuations in oil price affect economic 
growth, so we include dummy variables. 
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Dummy variables (DUM81 or DUM73)
13
 capture the effects of reforms, in Libya’s 
case caused the oil shock that took place after the oil embargo of 1973 and the 
second oil shock of 1981.  
5.5 Methodology and data 
The methodology of this chapter is based on an extension of the Solow model by 
Farah et al. (2009), Mankiw at al. (1992), Pesaran and Shin (1997) and Senhadji 
(2000). Senhadji’s (2000) study shows how Solow’s model of growth can be used to 
analysis the determinants of TFP, which is proxy for the long run of growth rate. 
5.5.1 Data and sources 
We use annual data to estimate the determinants of TFP. For the time series we use 
the period from 1962 to 2009. First we estimate TFP using the following variables: 
government spending on education and health sectors, population growth, total 
investment, and RGDP. All selected variables are in constant 1980 prices (in million 
national currency). Data are drawn from the IMF, World Bank, UN, African 
Development Indicators (various issues), Libyan Services Department and Central 
Bank of Libya.  
5.5.2 Total factor productivity (TFP) 
The standard Cobb–Douglas production function can be used to explain the main 
implications of the Solow model. In this study we develop in indirect method to 
determine initial stock and human capital to estimate TFP. We use two inputs, capital 
and labour, both assumed to grow due to positive net investment and growth in the 
                                                 
13
 A dummy variable taking the value of 1 in the period of oil price stability and 0 otherwise is used in 
the analysis. 
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labour supply, as well as from the stock of knowledge that grows in response to the 
exogenous progress of technology.  
Senhadji (2000) estimates an augmented production function using time series data. 
His specification of the augmented production function can be expressed as: 
)1()(  tt
a
ttt LHKAY                       (5.1) 
where Y= output, A= stock of knowledge, and is the index for the level of total factor 
productivity at time t, K=stock of capital, L= employment, H= a human capital 
formation through education and health services, a and (1-a) are parameters that 
measure the respective elasticity of capital and labour inputs at time t. H is a measure 
for human capital; hence the product of (LH) represents skill-adjusted employment 
(Senhadji, 2000).  
In our exercise we use education expenditure as an indicator of human capital. 
Investment in education promotes skilled and specialised labour input. Since skilled 
workers are better able to adjust in a dynamic, knowledge-based economy, education 
results in enhanced productivity performance: Sharpe (1998) has argued that with a 
stable macroeconomic environment, increased public support for training, higher 
education, research and development enhances overall productivity of the economy. 
Taking the logs of variables in Equation (5.1), the value of regional TFP can be 
obtained as: 
ln ln (1 )ln( )t t t t tY K L H                (5.2) 
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The decomposition of RGDP to its different sources requires getting estimates for the 
coefficients characterising the production function, ( ) and ( 1 ). 
5.5.3  Estimating the stock of capital (K) 
To assess its role in growth, physical capital must be measured. We used a function 
similar to that used by Farah et al. (2009). 
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The physical capital stock is generated as follows: 
1)1(  ttt kdIK                            (5.3) 
Where, (Kt-1) is stock of capital in the previous year; (d) denotes a constant annual 
depreciation rate.  
Various depreciation rates have been used in empirical studies. Here, a 5% capital 
depreciation rate is assumed. Other studies have used 4% depreciation rate, including 
those of Nehru and Dhareshwar (1993), Collins and Bosworth (1996), and Khan 
(2006). I denotes real investment. Since the initial capital stock is unknown, the 
following procedure is used to assess 0K . Nehru and Dhareshwar (1993) use a 
modified Harberger (1978) method to compute K (0). Further expressing capital at 
time t in terms of initial capital we have: 
t
t gKK 0                                  (5.4) 
If we substitute (5.4) into Equation (5.3) for tK and 1tK  we obtain the following 
equation: 
)]1([1
0
dgg
I
K
t
t



                          (5.5) 
Where, (g) is equal to 1 plus the unknown accumulation rate of capital stock.  
By recalling that Equation (5.5) holds for (t) and for (t-1) 

1t
t
g
I
2
1


t
t
g
I
                                  (5.6) 
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and hence: 
1

t
t
I
I
g                                       (5.7). 
Since different values of g are likely to be obtained for any arbitrary choice of two 
consecutive values of (I), the sample average of the right-hand side of Equation (5.7) 
is considered to be an unbiased estimator of (g), and so we have: 

 

T
t t
t
I
I
T
g
1 1
1
ˆ                                   (5.8) 
And then by substituting t=1 into Equation (5.5):  
1
0
ˆ
ˆ (1 )
I
K
g d

 
                                  (5.9). 
0Kˆ  is computed by substituting the investment in the initial year 1962 in Equation 
(5.8). The estimated value of g in Equation (5.8) is derived by substituting 
investments in years 1962 and 1963 in Equation (5.7). Further, in Equation (5.8) we 
assume a predetermined value for d. Finally, by recursively substituting capital in 
Equation (5.3) from previous years, starting with an initial value of capital
^
0K , we 
obtain the time series for the capital stock. 
5.5.4 The computation of human capital (H) 
Human capital is often regarded as the accumulation of education. Many studies 
have found that educational change influences productivity and economic growth 
markedly. Many growth accounting studies that include human as well as physical 
capital use proxies of human capital like ‘average years of schooling’, and spending 
  122 
on education and health. For example, Sharpe (1998) argues that with a stable 
macroeconomic environment, public support for training, education, and research 
and development enhance overall productivity. Pasha et al. (2002) emphasise the 
contribution of primary and secondary education to productivity growth. Khan 
(2006) used expenditure on education as a proxy for human capital development to 
investigate its impact on TFP. All these authors arrive at human capital shares in 
GDP growth of around 20%, while TFP shares in economic growth are around 
30%.
14
  
Human capital may also affect TFP. Benhabib and Spiegel (1994) have found 
evidence that human capital affected TFP through its impact on the capacity of a 
country to innovate and to adapt foreign technology. In our study a measure of 
human capital is used to explain the growth of TFP. Based on cross-section 
regressions, Mankiw et al. (1992) show that production functions that include human 
capital as a factor of production fit the data better than those without human capital. 
The present study uses government spending on education and health services as a 
proxy for human capital development. 
(H) is human capital, and thus LH is a skill-adjusted measure of labour input. The 
measure of H is based on work by Mongardini and Samake (2009). Human capital 
formation is defined in discrete time as: 
EduHt
h
t IH
g
H ,1
)1(
)1(



 

                   (5.10)  
                                                 
14
 Obviously there are many cross-country differences in the shares of each of the factors. However, 
on average we may conclude that the inclusion of ‘human capital’ or ‘the quality of labour’ 
decreases TFP. 
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where, h  and g  are depreciation of human capital and a rate of population growth 
respectively, and EduHI , is the investment in human capital which is determined by 
government spending on health and education services.
15
 
H0 is the base year of human capital, and can be estimated by the following equation: 
)1(
,
0
dg
I
H
EduH

                          (5.11) 
d  is a constant annual depreciation rate, and g can be calculated as follows: 

 

T
t t
EduH
I
I
T
g
1 1
,1
                          (5.12). 
5.5.5 The estimation of TFP 
A crucial step in the estimation of TFP is the determination of the relative share of 
physical capital to production: that is, the A parameter in the Cobb–Douglas function. 
Using all the data and equations provided above, the estimated value of   is 0.71, 
with a highly significant t-ratio of 24.5. Using this value, TFP is estimated as 
follows: 
ln 0.71ln (1 0.71)(ln ln )TFP Y K H K             (5.13). 
The average TFP before 1990 was approximately -0.21%, and this increased to near 
0 during 1990– 2009.  
                                                 
15
 The investment on education and health services are used as a proxy for human capital 
accumulation ( Mongardini & Samake, 2009). 
  124 
Table 5.1 provides estimates of TFP growth over 1962–2009. TFP growth has been 
calculated as the simple residual between output and factor inputs such as labour and 
capital. It can be seen from Table 5.1 that there is a clear increase in TFP growth 
from the 1960s to the 1970s, but a decrease during the 1980s and 1990s. The decline 
in TFP growth could be due to the decline of investment in physical capital. In the 
2000s there was increase in TFP growth, related to massive public investment in 
education and health services.  
Recognising that empirical studies often yield different results depending on the 
types of data used, we conduct our analysis using time-series data in order to 
estimate TFP in Libya. 
Senhadji (2000) estimated   for 88 countries including MENA countries. The mean 
value for these regions was estimated to be 0.65. As Solow (1956) demonstrated, 
cross-country differences in technology may generate important cross-country 
differences in income per capita. Hall and Jones (1999) have confirmed that the 
majority of the gap in income per capita between rich and poor countries is 
associated with large cross-country differences in TFP. Pipitone (2005) estimated the 
value of   for the Mediterranean Countries using the estimated value of 0.74 to 
calculate the average annual rates of TFP for 24 observed countries. 
Table 5.1: The average growth of total factor productivity in Libya from 1962 to 2009 
The period 1960s 1970s 1980s 1990s 2000s 
Average of TFP -0.201 0.126 0.005 -2.584 0.176 
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5.5.6 Determinants of TFP 
We can identify the determinants of TFP that played an important role as one of the 
leading indicators in driving the direction of GDP growth. In this subsection, we 
attempt to specify some macroeconomics determinants of TFP in Libyan’s economy. 
The literature on sources of growth is vast, but the literature on the sources of TFP 
growth is still emerging.
16
 
5.6 Empirical model 
The basic empirical framework employed in this study is based on the determinants 
of economic growth. We specify a simple model of TFP as follows: 
titt XaTFP                     (5.14) 
Where TFP refers to total factor productivity; Xi represents the vector of 
determinants of TFP and 
t is an error term. In the previous section the main 
determinants of TFP in Libya were mentioned. Therefore, Equation 5.16 can be 
written as follows: 
1 2 3 4 5
6 7 73 5.15
t t t t t t
t
TFP a FDIRAT TRAT GRAT OILRAT INFRAT
T DUM
    
  
      
  
 
Where 61,......  are the parameters of the determinants of TFP and t  is the 
random error term. 
                                                 
16
  See for example,  Lipsey (1960) and Senhadji (2000) 
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5.7 Testing for unit root 
This study begins by testing for the presence of unit roots in the individual time 
series, using the Augmented Dickey–Fuller (ADF) and PP unit root tests to test the 
integration level and possible co-integration among the variables (Dickey & Fuller 
1981; Phillips & Perron 1988), both with and without a deterministic trend. PP 
procedures, which compute a residual variance that is robust to auto-correlation, are 
applied to test for unit roots as an alternative to the ADF unit root test. 
Table 5.2 gives ADF and PP unit root test results for the variables used in our study. 
All selected variables turn out to be stationary in ADF and PP tests in first difference. 
In contrast, the ADF test shows TRAT and INFRAT are non-stationary in their levels 
in the specification where trend and intercept are both included. However, under this 
specification the PP test classified both TRAP and INFRAT to be stationary. TFP is 
found to be stationary at level (I (0)) in both tests. Furthermore, both tests reveal that 
FDI, OIL and G are all non-stationary at their levels but stationary at their first 
differences. Thus, these variables have one as their order of integration (I (1)).  
Table 5.2: Augmented Dickey–Fuller and PP Unit Root Test from 1962 to 2009. 
 
Variables 
 
ADF 
 
PP 
 C C&T C C&T 
TFP -7.601*** -8.464*** -6.552*** -7.076*** 
FDIRAT 
∆FDIRAT 
-2.865 
-8.747*** 
-2.859 
-8.965*** 
-2.744 
-8.965*** 
-2.723 
-9.821*** 
OILRAT 
∆ OILRAT 
2.432 
-4.235*** 
1.181 
-5.308*** 
1.871 
-4.907*** 
0.704 
-5.385*** 
TRAT 
∆ TRAT 
-12.957*** 
-3.150** 
-2.968 
-3.456** 
-16.046*** 
-2.718 
-42.107*** 
-3.186** 
INFRAT 
∆ INFRAT 
-2.563 
-9.623*** 
-2.549 
-9.613*** 
-4.379*** 
-10.911*** 
-4.403*** 
-10.860*** 
GRAT 
∆ GRAT 
2.671 
-7.211*** 
1.595 
-7.684*** 
2.598 
-7.312*** 
1.153 
-7.213*** 
Note: ***, ** and * imply significant at 1%, 5% and 10% level respectively 
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5.8 The vector autoregressive (VAR) 
To investigate the long-run relationship between each pair of variables under 
consideration, a VAR model is used. This was developed by Sims, Stock, and Watson 
(1990) and Toda and Phillips (1993). They point out that in a system that contains 
unit roots, standard Wald statistics-based OLS estimations of level VAR models for 
testing coefficient restrictions have nonstandard asymptotic distributions and cannot 
be applied to mixed integration orders. Toda and Yamamoto (1995) propose a simple 
procedure requiring the estimation of an ‘augmented’ VAR, even when the variables 
have different orders. VAR is estimated with a lag order of (k+d), where (d) is the 
maximum order of integration of the variables in the system and k is the VAR order.  
In our study with only 48 observations it is not possible to determine the optimal lag 
order for VAR with nine variables, even if we use an initial lag order of two; 
therefore, we have used only three crucial ratios, FDIRAT, GRAT and TRAT, 
starting with five lags in our model. We use information criteria such as AIC and 
SBIC to determine the optimal lags. All the selected (AIC and SBIC) criteria indicate 
that a first-order VAR is optimal.
17
  
Equation (5.15) is estimated as an unrestricted VAR model with variables that are 
stationary and whose lag numbers are selected by AIC or/and SBIC. Once the VAR 
model with optimal lags has been selected, we estimate the long-run coefficients. 
The coefficients on the selected variables must be significant in order to prove the 
long-run relationship between the variables under investigation.  
                                                 
17
 The appropriate lag length for VAR was determined using Akaike’s Information Criteria (AIC) and 
the Schwarz Bayesian Criterion (BSC). 
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The appropriate distributed lag regression model is a distributed lag model with only 
current and past values of the selected explanatory variables (see Table A3 in 
appendix). Table 5.3 reports the tests of the unrestricted VAR model. The 
investigation of the determinants of TFP produced interesting results that are broadly 
consistent with previous studies. Using a first-order VAR, the estimated equation is 
re-estimated after deleting the insignificant variables.
18
 All the coefficient have the 
expected signs and are significant at the conventional levels of 5 or 10% except for 
the variable OILRAT, which turns out to be insignificant. Variables TRAT, GRAT 
and FDIRAT have a positive and significant impact on TFP. This means that trade 
openness, government expenditure and foreign direct investment have improved TFP 
in Libya. On the other hand, inflation has a negative and significant effect on TFP. 
This implies that high and unstable prices created economic uncertainties which 
consequently discouraged investment in Libya. OILRAT turns out to be 
insignificant, suggesting that it has no effect on TFP.  
As mentioned in the previous section we included the two dummy variables 
(DUM73 and DUM81) in order to capture the effects of reforms. We found that the 
coefficient on DUM81 was insignificant, implying that DUM81 has no effect on 
TFP. The positive and significant coefficient on DUM73 implies that reforms in 
1973 enhanced TFP in Libya. 
  
                                                 
18
 We delete some variables with the smallest t-ratio and below the 5% critical value, such as 
OILRAT and DUM81. 
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Table 5.3: Estimated Equation (5.17) for TFP and its determinants for whole period 
1962 to 2009 with structural break (1973) using VAR method. 
 TFP TRAT OILRAT INF GRAT FDIRAT 
TFP(-1) 
1.057*** 
[6.885] 
-0.0026 
[-1.109] 
0.176 
[1.071] 
-0.031* 
[-1.872] 
-0.183* 
[-1.621] 
-0.425 
[1.320] 
TRAT(-1) 
6.107** 
[2.159] 
0.601*** 
[15.231] 
0.117 
[1.411]  
2.460 
[1.234]  
-2.970* 
[-1.712] 
3.812** 
[2.107] 
 OILRAT
(-1)
 -0.134 
[-0.712] 
0.0062 
[0.158] 
0.972*** 
[9.697] 
-3.658* 
[-1.613] 
0.486*** 
[4.534] 
1.182* 
[1.610] 
INF(-1) 
-0.013* 
[-1.873] 
-3.380 
[-0.274]  
-0.018** 
[-2.490]  
0.228 
[1.362] 
-0.002 
[-0.245] 
0.005 
[0.096] 
GRAT
(-1)
 0.049* 
[1.722] 
-0.036* 
[-1.729] 
-0.024 
[-0.130] 
2.402 
[0.573] 
0.171 
[0.863] 
-0.489 
[-0.338] 
 FDIRAT(-1) 
0.034* 
[1.643] 
0.008* 
[1.623] 
0.031* 
[1.920] 
-1.051* 
[-1.867] 
0.043** 
[2.007] 
0.325** 
[2.058] 
 
       C 
-0.322** 
[-2.604] 
0.005*** 
[3.487] 
0.277* 
[1.688] 
5.525** 
[2.366] 
0.801 
[0.724] 
-2.189* 
[-1.655] 
       T 
 -0.007* 
[-1.854] 
-0.003*** 
[-3.232] 
0.005 
[1.294] 
0.079 
[0.839] 
0.049 
[1.035] 
0.083** 
[2.333] 
DUM73 
 0.063* 
[1.669] 
-0.006 
[-0.410] 
-0.071 
[-0.632] 
1.636 
[0.645] 
0.123 
[1.032] 
-1.791** 
[-2.047] 
Adj. R-squared 0.705 0.972 0.932 0.103 0.853 0.555 
F-statistic 7.095 20.019 79.931 1.785 34.426 8.174 
AIC -0.265 -8.849 -0.627 5.610 -0.493 3.482 
Note: ***, ** and * imply significant at 1%, 5% and 10% level respectively. The VAR optimal lag structure was determined by 
AIC and SIC. 
 
5.9 Impulse response function (IRF) 
Finally we study the impulse response functions for our estimated VAR model. IRF
19
 
is a practical way to visually represent the behaviour of TFP, FDIRAT, OILRAT, 
TRAT, INFRAT and GRAT in response to various shocks. Figures A7 in Appendix 
shows IRF for the variables included in our VAR model. We observe the following: 
 Response of TFP to trade openness: this indicates that there is positive 
relationship between TFP and TRAT up to ten years. 
                                                 
19
 The shocks in the VAR were orthogonalised using Cholesky decomposition, although in this 
specification, the output gap, inflation and unemployment gap were considered as exogenous 
variables. 
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 Response of TFP to inflation: this exercise points to a negative reaction of 
inflation to TFP for up to ten years. This result is in agreement with the 
analysis of estimation in Table 5.3. 
 Response of TFP to government expenditure: this IRF implies that an 
increase in government expenditure leads to an increase in the TFP up to 
the fourth year. After that the reaction decays and eventually returns to its 
original level.  
 Response of TFP to foreign direct investment: the two variables show a 
positive relationship up to the fifth year.  
For all these shocks, the figures show that within the selected time horizon of ten 
periods, the variables TFP, TRAT, OILRAT, INF, GRAT and FDIRAT gradually 
return to the level that existed prior to the shock. 
5.10 Conclusion and policy implications  
This study develops a theoretical model for investigating the determinants of 
productivity in Libya, taking into account the effects of two reforms implemented in 
1973 and 1981 respectively. The key macroeconomic variables in the behavioural 
equations were tested for stationarity and non-stationarity. When a specification that 
included intercept and linear trend was chosen for the variables of interest in first 
difference, both ADF and PP tests found these variables to be stationary (first 
difference stationarity).  
The econometric method for estimating the share of physical capital is based on 
estimating an aggregate production function. The estimated value of   was 0.71, 
which is somewhat higher than the usual values of 0.4 to 0.5 used in growth 
accounting exercises. After the long-run relationship specification was chosen, the 
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long-run relationship between TFP and macroeconomic variables was estimated 
using an unrestricted VAR approach. In addition, this study looked at the TFP series 
in the broad context of the Libyan macro-economy for four distinct phases during the 
period 1962–2009. The TFP was found to vary from one phase to another.  
We found some key determinants of TFP for Libya. Trade openness, foreign direct 
investment and government expenditure have positive and significant effect on TFP. 
Economic reforms from 1973 have also had a significant positive effect. Inflation 
rate has a negative effect on TFP. Although the average rate of growth of per capita 
output during 2000–2009 was 3.3%, average TFP was 0.17%. It is not possible to 
sustain this growth rate in the long run as it is entirely driven by factor accumulation. 
In order to increase growth rate of the Libyan economy in the future, it is necessary 
to increase TFP while maintaining the contribution of factor accumulation to growth. 
Since factor accumulation is the most important component of output growth, 
economic policies designed to increase the participation of labour supply can spur 
economic growth. Policy makers should focus on initiatives that improve trade 
openness, because this will increase TFP in Libya. These policies to increase TFP 
can be implemented in the short to medium term.  
The results provide useful insights into these factors. Apart from the natural rate of 
growth of the labour force, empirical evidence also suggests growth can be supported 
by increasing government expenditure to improve human capital, increasing 
domestic investment, and open trade policies to encourage efficiency through 
assessing better foreign technologies. Since Libya is one of the developing countries 
having large oil sector, adverse shocks in this sector often can lead to a slowdown in 
growth. Empirical results show that these negative shocks have very large 
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unfavorable effects on economic growth. Looking specifically at Libya’s economic 
performance; the country seems to have some of the necessary factors of growth 
moving in the right direction. The current low inflation environment, government 
spending on education, increases in human capital and continuous growth in the 
labour force should benefit the economy. However, a concern is the downward trend 
in investment. In order for a country to have sustainable long-run economic growth, 
investment needs to flow in. If investment levels follow their current path, it would 
be very difficult for Libya to maintain a long-run sustainable economic growth path. 
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 CHAPTER 6
TESTING GROWTH THEORY USING EXISTING 
GROWTH MODELS FOR MENA COUNTRIES 
6.1 Introduction 
Such large differences in RGDP per capita exists across countries that in some cases 
the real per capita GDP of rich countries is more than 30 times that of poor countries 
(World Bank,2010). How can poor countries transition into rich ones and how can 
economic policy help achieve this transition? These important questions became 
even more important in the context of countries that have abundant natural resources, 
a good geographical location and favourable climatic-factors 
In the last two decades, in conformance with the neoclassical growth model (1956), 
many empirical studies have found convergence between rich and poor countries 
(e.g. Abramovitz, 1986; Barro & Sala-i-Martin, 2003). However, growth is not 
uniform across developing countries, and individual growth patterns can be linked to 
country-specific characteristics such as economic base, population growth, 
unemployment rate, and investment in physical and human capital, flow of foreign 
investment, industrial growth, inflation, and development of financial institutions. 
Identifying the key factors underlying sustained growth is critical for designing 
economic policies that lead to higher standards of living. The two main factors that 
play a major role in sustaining growth are capital stock (K) and labour (L). 
Mankiw et al. (1992) and Senhadji (2000) argue that both factors, that is, capital and 
labour, significantly contribute to economic growth. According to the neoclassical 
model, returns to physical capital are assumed to diminish as more is accumulated, 
limiting its role in sustaining growth and increasing the likelihood that productivity 
  134 
changes become a key factor in explaining growth. Many researchers have 
hypothesised that the rapid growth of RGDP resulted from the effective adoption of 
new technologies coupled with the accumulation of inputs. Collins and Bosworth 
(1996), Krugman (1996) and Young (1995), for instance, find that that factor 
accumulation has played an important role in the rapid growth of East Asia. 
In this chapter we perform a growth accounting exercise for an economically diverse 
region, that of MENA countries. The countries in our sample include oil-rich 
economies in countries as well as countries such as Egypt, Morocco, and Tunisia that 
are resource-scarce relative to their populations. This region’s economic fortunes 
over much of the past quarter century have been heavily influenced by two factors: 
the price of oil and the various economic policies adopted by different countries in 
this region.  
A host of recent work on economic development in MENA countries has noted that 
the region experienced high growth rates until the 1980s and suffered a protracted 
slowdown afterwards (Yousef & Tarik, 2004). Although many developing countries 
have experienced slowdowns since the 1970s, the post-1980 decline in MENA 
countries was typically much more pronounced and far longer lasting. 
MENA countries are inclined to high volatility in economic activity, and therefore it 
is crucial to identify their sources of growth. Most MENA economies are dependent 
on natural resources (mainly oil) and primary goods. Fluctuations in world markets 
demand for these goods directly affect their economies.  
In our study, we classify MENA countries into four groups. First, the Gulf 
Cooperation Council group is composed of natural resource–rich, labour-importing 
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countries; countries from this group included in our sample are Bahrain, Kuwait, 
Oman, Qatar, Saudi Arabia, and UAE. Second are natural resource-rich, labour-
abundant countries such as Algeria, Iraq, Libya, and Syria. Third is an emerging 
group of resource–poor countries such as Egypt, Jordan, Morocco and Tunisia. 
Fourth is a non-Arab group comprising such as Iran and Israel. 
We examine the sources of growth for these MENA countries, emphasising common 
characteristics as well as factors that vary greatly across countries. Very few studies 
have addressed the MENA region, and often the analyses are conducted within a 
larger sample of countries without pinpointing characteristics specific to MENA. The 
aim of this study is to employ the growth accounting exercise to identify factors that 
have determined the economic performance of MENA countries for the last four 
decades.  
After a review of the growth accounting exercise and of empirical studies dealing 
with developing countries in general and MENA countries in specific. Section 3 
discusses the theoretical framework and issues related to measurement. Section 4 
describes the the model utilised in this study and the data used. Section 5 presents the 
empirical results including unit root tests and estimations of short-run, long-run and 
IRF relationships between selected variables. Section 7 concludes with some policy 
recommendations.  
6.2 Literature review 
Much of the empirical literature on economic growth focuses on ‘growth accounting’ 
by measuring factor inputs. ‘A Theory of Production’ by Cobb and Douglas (1928) 
first introduced a parametric production function; this function, now known by the 
name of its originators, is still the most ubiquitous functional form in theoretical and 
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empirical analyses of growth and productivity. The estimation of the parameters of 
aggregate production functions is central too much of today’s work on growth, 
technological change and productivity. Empirical estimates of aggregate production 
functions are a tool of analysis essential in macroeconomics, and important 
theoretical constructs such as potential output, technical change, or the demand for 
labour are based on them. Cobb and Douglas (1928) used data for the US 
manufacturing sector for 1899–1922 to study the elasticity of supply of labour and 
capital. They investigated how variations in capital and labour affected the 
distribution of income (Cobb &Douglas, 1928). They began by plotting the series of 
output, capital and labour on a log scale, noting that the output curve lay between the 
two curves for the factors and tended to be approximately one quarter of the distance 
between the curves of the other two factors. 
Collins and Bosworth (1996) find that labour’s share of national income across 31 
countries has a standard deviation of around 10%. One explanation for this finding 
that cannot be rejected a priori is that the elasticity of substitution between capital 
and labour is not equal to unity, so that factor shares are not constant but vary with 
the accumulation of factor inputs. 
Duffy (2000) rejects the Cobb–Douglas specification of technology, arguing instead 
that data supports the use of a more general CES specification with an elasticity of 
substitution between capital and labour that is significantly greater than one. He 
estimates the constant elasticity of substitution (CES) specification for aggregate 
production for four different subsamples of countries, grouped according to the 
initial level of capital per worker. In these subsamples he finds evidence that the 
elasticity of substitution may vary with the stage of development. In particular, for 
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the richest group of countries he finds that when human capital-adjusted labour is 
used as an input, the elasticity of substitution between capital and labour is 
significantly greater than unity; however, for the poorest group of countries, it is 
significantly less than unity. 
Kim and Lau (1996), Collins and Bosworth (1996), Dowling and Summers (1997) 
and Young (1995) are among those view East Asian growth as largely attributable to 
massive accumulation of labour and capital rather than to growth in TFP. In 
response, Drysdale and Huang (1997), Kawai (1994), King and Levine (1994) and 
Sarel (1997) are among those who argue that, while labour and capital accumulation 
are necessary to foster growth, the ‘unusually’ high rate of TFP growth in East Asian 
economies is an equally important factor. 
Among the studies of developing countries, the contribution of Nehru and 
Dhareshwar (1993) is notable. Their study used a sample of 93 countries including 
MENA countries, covering the period 1960–1990; they find the contribution of 
capital accumulation is the major factor behind economic growth in this period. 
Senhadji (2000) examined the source of growth for 88 countries including six 
MENA countries: Algeria, Egypt, Iran, Israel, Morocco and Tunisia.  
Becker and Chiswick (1966) and Schultz (1963) were pioneers in developing 
theoretical models to analyse the interaction between economic growth and 
education. Shortly after, following production theory and subsequently the 
neoclassical growth theory introduced by Solow and Swan (1956), several growth 
models were developed to explain the interaction between economic growth and 
education. Models developed by Romer (1986) to study the effects of technology on 
economic growth stimulated a new wave of research into the role of education on 
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economic growth. Human capital has often been a leading factor in explaining 
economic growth, and is considered one of its sources. 
Improvement in education can have an impact on economic growth by improving the 
productivity or quality of workers. We capture worker quality by using an index of 
average educational attainment. The formulation adopted by Mankiw et al. (1992) 
and Klenow and Rodrigruez-Clare (1997) specifies human capital (education) as an 
independent factor in the economic growth process that can augment labour, physical 
capital and TFP. Its relationship with output reflects the view that an educated 
workforce is better able to implement new technologies and to generate ideas to 
improve efficiency. However, Islam (1995) in his study finds the opposite: that 
human capital is not a direct influence on output growth, but influences growth 
through its effect on TFP. Barro and Lee (2001), who developed a comprehensive 
data set on schooling covering a large number of countries over an extended time 
period, use national censuses and surveys at five-year intervals beginning in 1960, to 
correlate the proportion of the working-age population with various levels of 
schooling.
20
  
Barro (1990) studies of 98 countries concludes that the growth rate of real per capita 
GDP is positively related to initial human capital; it uses education level as proxy of 
human capital (school-enrolment rates) as its proxy. Other studies, including that of 
Barro and Lee (2010), have explored the link between growth and variety of 
schooling level indicators. Benhabib and Spiegel (1994) have found evidence that 
human capital affects GDP growth through its impact on the capacity of a country to 
                                                 
20
 The Barro–Lee data distinguish among three levels of schooling – primary, secondary, and tertiary 
– and between those who initiate a level of schooling and those who complete it. 
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innovate and to adopt and use foreign technology. Arguably, human capital also 
encourages the accumulation of other factors of production.  
Sach and Warner (1997) note that a rapid increase in human capital development 
results in rapid transitional growth. Becker et al. (1999) state that higher rates of 
investment in human and physical capital lead to higher per capita growth, because 
well-developed human capital leads to improvements in productivity, growth rate 
and investment ratio. Barro (1990) argues that investment in human capital in the 
form of secondary and higher education has a significant impact on rates of growth. 
The more highly trained the work force, the more productive it will be, helping to 
enhance the rate of annual real output in the society. At the same time, the lower the 
rate of population increase relative to the rate of growth in capital supply, the more 
capital can be invested per worker to increase the average output of each member of 
the work force. In our analysis, a measure of human capital will be used to explain 
growth outcome. We use the 1970 secondary school enrolment ratio as a proxy for 
the level of human capital. 
The empirical work by Fisher (1993) uses cross-sectional as well as panel data to 
show that growth is negatively correlated with inflation. Levine and Renelt (1992) 
also find that high growth countries are lower inflation countries. Barro (1990) used 
panel data for 64 countries; finds inflation has a significant negative effect on 
economic growth. For instance, a 10% increase in the average annual rate of inflation 
can reduce the growth of RGDP by 0.3% to 0.4% per year. 
An argument often made in the literature against the estimation of production 
functions for determining the share of physical capital (the key parameter in the 
accounting exercise) is based on the potential endogeneity of the explanatory 
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variables, namely capital and labour inputs. The fully modified estimator, which is 
used to estimate the production function of each country, resolves the endogeneity 
problem; it also tackles the problem arising from serial autocorrelation.  
The degree of openness to the global economy has become an important factor in 
recent years. Gallup et al. (1999) conclude that open economies are generally in a 
better position to import new technologies and new ideas from the rest of the world. 
Moreover, they are likely to have a greater division of labour and production 
processes that are consistent with their comparative advantage, and which enable 
them to grow faster.  
There is a question whether the production function should be estimated in levels or 
in first differences. As is well known, the first difference operator removes all long-
run information from the data. One important insight from the co-integration 
literature is that we know much more about the long-run relationship between the 
variables under study than about the short-run; differencing our data will disregard 
the most valuable part of information it contains.  
Knowles, Lorgelly and Owen (1997) investigate whether incorporating human 
capital as labour augmenting or as a separate factor of production makes any 
difference empirically. They find that it does not; so in our model we will include 
education as a separate variable. 
In light of the discussion above, in our study we estimate the Cobb–Douglas 
production function both in level and difference form. This growth accounting 
exercise separately estimates production function for each of the 15 MENA countries 
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and decomposes the growth rate of RGDP into contributions to growth from capital 
and labour.  
6.3 Overview of economic growth in the MENA region 
Only a few empirical studies have dealt with the MENA region, largely due to lack 
of data. However, as data has become available for some countries of the region, 
researchers have studied these countries. Early studies to estimate physical stocks 
and analyse the source of growth in this region include those by Nehru and 
Dhareshwar (1993) and Aamer, Abu-Quarn and Abu-Bader (2007). These authors 
have used different methods to estimate physical capital and estimate the production 
function. 
One of the most notable and broadly shared characteristics of MENA economies is 
the fast growth of population, which has contributed to an increase in the labour 
force. From the 1980s to the 1990s, economic growth in MENA was mostly flat 
because of the collapse in investment and the instability of macroeconomic variables 
in the region (Keller & Nabli, 2002). In the 2000s public investment in infrastructure, 
including the areas of health and education, increased; this eventually led to high 
growth rate. 
The World Bank (2004) has documented that MENA’s total labour force has been 
experiencing an unprecedented expansion, from 104 million workers in 2000 to an 
estimated by 146 million by 2010 and 185 million by 2020. It will hard for these 
countries to create the millions of job needed to absorb this rapid expansion in the 
work force; already the region is experiencing one of the highest levels of 
unemployment in the world. The growth contribution of labour appears to be 
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increasing over time as a result of a general acceleration in labour supply growth in 
the region over the last two decades (Esfahani, 1991). 
Another salient feature of the recent growth of RGDP performance in MENA 
countries is its high volatility. It is shown in Table 6.3 that during the period 1970–
1980, the average RGDP growth in MENA countries was characterised by high 
variability. The average RGDP of the oil-exporting countries within MENA 
countries has been more volatile than their counterparts’. 
6.3.1 Average of capital stock in MENA region 
The growth experiences of MENA countries have many similarities. One of them is 
that MENA's social contracts and interventionist policies are often associated with 
growth, at least in the medium term because they are partial solutions to the 
institutional weaknesses that prevented proper functioning of private markets. In 
particular, failures of capital, labour, and insurance markets have impeded growth in 
education, healthcare, infrastructure, and many other industrial sectors in these 
countries. Furthermore, as we describe that in earlier stage that Libya and some 
MENA countries are subject to high volatility in economic activity, and therefore it 
is crucial to identify their sources of growth. Most of the MENA economies 
including Libya are dependent on their natural resources (mainly oil) and primary 
goods. The fluctuations in the world markets directly reflect on the economic 
performance of the region’s economies.   
Table 6.1 presents the growth rate series of capital stock for selected sub-periods of 
1970–2010. We can observe some interesting patterns: for example, most of the 
countries in our sample experienced relatively high rates of growth in capital stocks 
in the 1970s and 1980s. In general, the growth of capital for Algeria, Bahrain, Iran, 
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Kuwait, Libya, Oman and Saudi Arabia during these two decades was much higher 
than the rest of the countries, and was spurred by the flow of income from oil. The 
majority of the countries in our sample are major oil exporters, with the exception of 
Israel. As the price of oil plummeted and investment declined sharply in the 1980s, 
oil exporting countries still generally experienced higher capital stock growth rates 
relative to other countries in the sample. A substantial decline in the growth rate of 
capital stock during the last decade was observed in Algeria, Iran, Israel, Jordan, 
Morocco, Syria and Tunisia. Senhadji (2000) previously found that the average 
capital share in many countries of the MENA region is well above 0.5 for many oil-
producing countries. 
 
6.4 Theoretical framework 
In this study we specify the production function for long-run and short-run growth 
for fifteen MENA countries, followed by the definition of the variables in the model 
and the sources of our data. A review of estimation techniques for the study of 
production function is followed by some concluding remarks. 
The most popular neoclassical production function is the Cobb-Douglas. It can be 
written as:
 

1
tttt LKAQ , where tQ , tL , and tK  represent (aggregate) output, 
labour, and capital respectively. The elasticity pameter α repesents the capital share 
and the parameter β (1- α) represent wage share. . For US, the parameter estimates of 
the α  and β was remarkably close to the corresponding observed factor shares: that 
is, α = 0.75 for labour and β = 0.25 for capital (under constant returns to scale). 
These results were taken, implicitly, as empirical support for the existence of the 
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aggregate production function, as well as for the validity of the marginal productivity 
theory of distribution. 
 
6.4.1 Definition of variables and data sources 
Our sample of 15 MENA countries includes Algeria, Bahrain, Egypt, Iran, Israel, 
Jordan, Kuwait, Libya, Morocco, Oman, Qatar, Saudi Arabia, Syria, Tunisia and 
UAE, and covers the period from 1970 to 2010. To estimate the production function 
in MENA, however, is made difficult because data on some key variables are not 
available for some of the countries; hence our panel data is unbalanced. Details of 
the data appear in Table A5 in Appendix. From Barro and Lee (2012), we obtain 
educational attainment data: average years of schooling in different categories 
(primary, secondary and tertiary), which are available from 1960–2010).21 To fill in 
missing data, especially for the investment and labour series, we use information 
provided by Nehru and Dhareshwar (1993) for the period 1970–1990, as well as 
from data sets available online at the World Bank. These sets have been used by 
many researchers; the physical capital stock series was estimated from investment 
data starting in 1969.
22
 Both RGDP and gross fixed capital formation data in our 
sample are in US currency, and are expressed in 2005 constant prices. 
6.4.2 Exogenous growth theory 
A macroeconomic production function is a mathematical expression that describes a 
systematic relationship between inputs and output in an economy; the Cobb–Douglas 
                                                 
21
 Schooling data from Barro and Lee (2010) are available only every five years, so we use linear 
interpolation in between. 
22
 The effect of initial capital stock on the capital stock series decreases rapidly with the sample size 
of investment figures. 
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is a functional form that has been used extensively. This function plays an important 
role in economic forecasts and policy analysis. 
Economic growth is the increase in the amount of goods and services produced by an 
economy. It is usually measured by per cent changes in the GDP. Our study will 
utilise the growth accounting approach introduced by Cobb and Douglas (1928) and 
Solow (1957). The point of departure for growth accounting is an aggregate 
production function that expresses the relationship between inputs and output.  
The neo-classical growth model, is also known as the exogenous growth model or 
Solow growth model, was developed by Nobel Prize winner Robert Solow. In his 
model are two factors of production: capital and labour. Technology is exogenous 
and represented by production function: 
),( LKFY                     (6.1) 
where Y is output or RGDP, F the function of technology, K capital stock input, and 
L labour input.  
A sustained increase in capital investment increases the growth rate only temporarily, 
as the capital/labour ratio goes up. A steady-state growth path is reached when 
output, capital and labour are all growing at the same rate. These factors include, 
among others, technology level, quality of labour (human capital) which we use 
depending on our availability of data, and government spending on health and 
education. 
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For the short-run estimate, we include inflation, education and a dummy as 
exogenous variables. The symbol and expected sign are shown in the following 
table: 
Table 6.1: Dependent and independent variables and their expected signs 
Variables Symbol Expected sign 
Dependent variable: the growth of RGDP Yln  
---- 
The growth of capital stock Kln  
Positive 
The growth of labour Lln  
Positive 
The average of secondary school enrolment EDU  
Positive 
Inflation INF  
Positive 
Dummy variables ( for oil exporters countries) DUM  
----- 
Time trend T  
Positive 
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6.4.3 Measurement of inputs 
In Solow’s model, there are two factors of production: capital and labour. 
1. Measurement of capital stock (K) 
The relevant reference concerning the construction of capital stock estimates is 
Nehru and Dhareshwar (1993), and the dataset available as part of the World Bank’s 
STARS databank and other sources, as shown in Table A5 in Appendix. Several 
previous empirical studies involving physical capital have used proxies for the 
physical capital stock constructed from Summers and Heston’s (1991) cross-country 
data on the ratio of investment to GDP at international prices; for example, Benhabib 
and Spiegel (1994) and Hall and Jones (1999). By contrast, the Nehru and 
Dhareshwar (1993) data on physical capital stocks makes use of World Bank data on 
gross domestic fixed investment at constant local prices, and draws on additional 
data sources. They show that their capital stock estimates are positively correlated 
with other inputs. 
To estimate the capital stock we use the perpetual inventory method, which takes the 
stock of capital as the accumulation of the stream of past investments: 
1)1(  ttt kdIK         (6.2) 
Using the concept of initial capital stock K (0), we follow Nehru and Dhareshwar 
(1993) in the construction of the capital stock series: 
11
1

 

t
t
t
tt
K
I
d
K
KK
          (6.3) 
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The left side of Equation (6.3) is the growth rate of the capital stock, which is 
presumed to be constant over time and equal to the long-run growth of output g . 
Thus, we can rewrite Equation (6.3) as: 
)(
1
dg
I
K tt

                  (6.4) 
where 1tK  is the capital at the start of that period, 0K  is the initial capital stock in 
the year 1970, g is the rate of growth of output, and tI  is investment in the current 
year, and d is the depreciation rate which can obtained through guide lines to tax 
schedules. In the absence of specific information especially for MENA countries, we 
use the rate 4% to 6%, which is assumed in many studies such as those of Collins 
and Bosworth (1996) and Pipitone (2005). In our study, we use the growth of stock 
of capital as one of inputs of production function. 
2. Labour (L) 
Labour, used as an input in the production function, is measured in a number of ways 
depending on data availability. In our study, it is measured as the number of persons 
in the labour force, and the contribution of labour input is computed as its share in 
real output. However, the time series data on working hours is not available in some 
MENA countries; again we face the problem of data non-availability. Nonetheless, 
we have measured labour input as the number of workers in the economy as reported 
in various issues of different local sources and the Key Indicators of the Labour 
Market. Labour force is measured in millions and the series ranges from 1970 to 
2010; we use it in our measure as the growth of labour. All selected variables are in 
US dollars and 2005 process. 
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3. Education as included in calculation of growth (EDU) 
Human capital is often regarded as the accumulation of education. Studies have 
determined that educational change markedly influences productivity and economic 
growth in the short run, and so we include it as exogenous variable. Sharpe (1998) 
argues that in a stable macroeconomic environment, public support for training, 
education, and research and development enhances overall productivity of the 
economy. Pasha et al. (2002) emphasise the contribution of primary and secondary 
education in productivity growth. Khan (2006) uses expenditure on education as a 
proxy for human capital development to investigate its impact on the growth of the 
economy. Akinlo (2006) and Njikam et al. (2006) use secondary school enrolment 
figures to capture the effect of education on growth. Nachega and Fontaine (2006) 
state that well-educated and healthy services for workers force directly or indirectly 
will increases economic growth. They use the average number of years of schooling 
of the labour force as a proxy for human capital accumulation for Nigerian economy. 
Investment in education promotes skilled and specialised labour input, and better 
skilled workers are better able to adjust in a dynamic, knowledge-based economy, 
and these results in enhanced productivity performance. Cohen and Soto (2007) use 
their data to examine the relationship between economic growth and years of 
schooling. They use a variety of specifications and econometrics techniques, and 
estimate returns to schooling in the range of 7 to 10%. As the present study confines 
itself to growth in the MENA region, it concentrates on the secondary education 
category as a proxy for human capital development of the labour force in the 
economy. 
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Barro and Lee’s (2010) data provide a starting point for our study. As the data are 
provided for every five years, we interpolate between observations to fill in the 
missing values.  
6.4.4 Model specification 
This study examines the relationship between real growth of GDP and the growth of 
input factors (capital and labour) using time series data for our 15 MENA countries. 
Most of the three variables were found to have a unit root. The variables tend to 
show similar increasing or decreasing patterns over time; hence, before proceeding 
with further analysis, we tested for the existence of unit roots using the various tests 
available in the econometrics literature. 
As mentioned above, this study has two main objectives: to apply Johansen’s co-
integration procedure (Johansen & Juselius, 1990) and VECM to examine the Cobb–
Douglas production function in MENA countries, and to determine whether or not 
there exists a long-run relationship between the chosen variables. 
Our extended Solow model may be called a Solow model with an endogenous 
framework. The well-known extension to the model by Mankiw et al. (1992) is based 
on a similar approach. 
According to the literature above, generally the Cobb–Douglas function can be stated 
as:  
1Y AK L              (6.5) 
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Where: 
Y is the RGDP, K is the capital input (estimated by Equation (6.2)), L is the labour 
input (total number of persons aged 15–65) and A is the technology.  
From Equation (6.5), if lnY, lnK and lnL are co-integrated, then the VECM can be 
applied in the next section to test the short-term relationship. 
6.5 Empirical evidence 
Tables 6.5 and 6.6 present the relationships found between the growth of RGDP as 
output and the growth of capital and labour as inputs by using estimates from the 
long- and short-run methods, respectively. The growth of output was computed for 
fifteen countries and the period 1970–2010. We utilise three methods: First we apply 
time series data techniques to estimate the capital stock; second we relax this 
assumption and estimate the parameters of the production function separately for 
every country in order to determine the long-run and short-run relationship between 
output and inputs by applying the Johansen Co-integration and Error Correction 
Model (ECM); and third we plot the IRP using the estimated coefficients for the 
variables of interest. 
6.5.1 Summary statistics of the variables under study 
Table 6.2 shows the descriptive statistics for the selected variables and countries. The 
descriptive statistics include the mean, standard deviation, and Jarque–Bera (JB) test 
statistics for normality for EDUINFLKY ,,ln,ln,ln  . The estimated results for 
the trend of selected variables are relatively close and significant across countries. 
The average economic growth for Algeria was estimated to be 3.5% per annum, the 
lowest in the region. At the other end, countries enjoying a high average of growth 
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rate included Qatar, Jordan and Kuwait with rates of 9.9%, 6.8%, 6.8% respectively. 
For the growth of capital stock, the low mean value was estimated to be 1.4, 3.0 and 
3.1% per annum in Qatar, Iran and Jordan respectively. Saudi Arabia experienced the 
lowest growth of labour in the region at 1.3% per annum. In contrast, the United 
Arab Emirate had the highest growth of labour rate at 6.9% per annum. For the rest 
of the sample the average of labour growth was estimated to be between 3.7 and 
5.5%. 
A high standard deviation for a variable of any country implies a large change in 
inputs and output value of production function LKY ln,ln,ln   for that country, 
whereas a low standard deviation value represents a relatively stable value for 
,ln,ln,ln LKY   over time. Variables selected show little variation over time for 
our entire sample; the RGDP growth estimates range from 3.1 to 6.5% except for 
three Libya, United Arab Emirates (UAE) and Saudi Arabia. For the growth of 
capital stock, the standard deviation is stable except for Qatar, which was found to 
have a relatively high standard deviation of 7.2%. For the variable Lln , it is evident 
that the standard deviation of the growth rate of labour shows little variation over 
time (Table 6.2).  
Jarque and Bera (1980, 1980) and White and MacDonald (1980) show that a 
normality test can be applied to the OLS residuals of linear regressions with an 
intercept term. This test, now known as the Jarque–Bera (JB) test in econometrics 
literature, is a popular diagnostic tool in practice. Despite its original context, the JB 
test is usually applied to various general models, such as nonlinear regressions and 
conditional heteroskedasticity models. For our sample, Table 6.2 presents results of a 
normality test for LKY ln,ln,ln  . When we tested for normality, the Jarque–
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Bera statistic was above the significant value of 12.5 and in some cases above 29.2 
for the variables under consideration; accordingly, the p-value was significant at 1% 
level, leading us to reject the null hypothesis that the errors are normally distributed. 
As the errors in the model are found to be normally distributed, the reliability of 
other test statistics improves considerably; however, we find that the RGDP growth 
rates of Israel, Iran, Morocco, Qatar, Syria and UAE fail the normality test. Similarly 
the growth of stock capital fails the normality test for Algeria, Egypt, Israel, Bahrain, 
Libya and Oman.   
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Table 6.2: Summary statistics of the variables under study 
Country Mean Stdev JB test 
statistics 
(p-value) 
Mean Stdev JB test 
statistics 
(p-value) 
 Algeria Bahrain 
Yln  
0.035 0.049 
12.591 
(0.000) 
0.038 0.039 
9.701 
(0.007) 
Kln  
0.031 0.018 
4.641 
(0.091) 
0.039 0.029 
1.852 
(0.396) 
Lln  
0.042 0.009 
6.761 
(0.071) 
0.037 0.016 
20.780 
(0.000) 
INF  
0.063 0.032 
1.928 
(0.381) 
0.025 0.032 
5.212 
(0.073) 
EDU  
0.052 0.021 
3.168 
(0.205) 
0.066 0.021 
2.785 
(0.248) 
 Egypt Iran 
Yln  
0.051 0.026 
13.272 
(0.001) 
0.033 0.068 
0.988 
(0.610) 
Kln  
0.066 0.039 
4.775 
(0.091) 
0.030 0.023 
9.181 
(0.010) 
Lln  
0.023 0.014 
98.499 
(0.000) 
0.033 0.011 
6.670 
(0.037) 
INF  
0.011 0.061 
1.756 
(0.415) 
0.016 0.059 
0.968 
(0.616) 
EDU  
0.043 0.018 
2.695 
(0.259) 
0.052 0.021 
3.168 
(0.205) 
 Israel Jordan 
Yln  
0.044 0.028 
2.415 
(0.298) 
0.068 0.065 
6.753 
(0.034) 
Kln  
0.034 0.011 
2.334 
(0.311) 
0.062 0.037 
6.618 
(0.036) 
Lln  
0.028 0.014 
6.585 
(0.000) 
0.045 0.025 
20.666 
(0.000) 
INF  
0.013 0.011 
5.723 
(0.057) 
0.052 0.035 
2.577 
(0.275) 
EDU  
0.011 0.074 
4.139 
(0.126) 
0.064 0.018 
3.411 
(0.181) 
 Kuwait Libya 
Yln  
0.068 0.063 
8.379 
(0.000) 
0.042 0.098 
14.885 
(0.000) 
Kln  
0.075 0.038 
6.529 
(0.000) 
0.058 0.036 
3.223 
(0.199) 
Lln  
0.042 0.070 
9.222 
(0.000) 
0.039 0.013 
16.620 
(0.000) 
INF  
0.029 0.052 
10.995 
(0.000) 
0.051 0.045 
2.098 
(0.350) 
EDU  
0.057 0.082 
4.433 
(0.108) 
0.049 0.019 
2.436 
(0.295) 
 Morocco Oman 
Yln  
0.039 0.041 
1.874 
(0.391) 
0.057 0.067 
3.988 
(0.136) 
Kln  
0.053 0.023 
40.486 
(0.000) 
0.055 0.028 
2.257 
(0.323) 
Lln  
0.024 0.019 
9.585 
(0.000) 
0.042 0.016 
2.644 
(0.266) 
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Country Mean Stdev JB test 
statistics 
(p-value) 
Mean Stdev JB test 
statistics 
(p-value) 
INF  
0.051 0.033 
2.874 
(0.237) 
0.017 0.029 
9.488 
(0.008) 
EDU  
0.029 0.011 
3.224 
(0.023) 
0.039 0.014 
3.777 
(0.151) 
 Qatar Saudi Arabia 
Yln  
0.099 0.049 
1.572 
(0.321) 
0.044 0.074 
6.872 
(0.032) 
Kln  
0.014 0.072 
1.240 
(0.065) 
0.057 0.052 
22.674 
(0.000) 
Lln  
0.058 0.073 
9.332 
(0.021) 
0.013 0.036 
22.435 
(0.000) 
INF  
0.042 0.051 
1.677 
(0.765) 
0.018 0.029 
2.516 
(0.284) 
EDU  
0.067 0.055 
1.913 
(0.012) 
0.058 0.014 
2.3006 
(0.116) 
 Syria Tunisia 
Yln  
0.053 0.067 
1.783 
(0.409) 
0.048 0.031 
19.628 
(0.000) 
Kln  
0.061 0.042 
19.608 
(0.000) 
0.053 0.021 
5.447 
(0.065) 
Lln  
0.040 0.008 
1.985 
(0.370) 
0.026 0.005 
1.704 
(0.426) 
INF  
0.064 0.051 
0.560 
(0.755) 
0.049 0.018 
2.385 
(0.303) 
EDU  
0.041 0.084 
5.508 
(0.063) 
0.044 0.016 
1.907 
(0.385) 
 United Arab Emirates 
 
Yln  
0.047 0.076 
0.676 
(0.713) 
Kln  
0.042 0.014 
11.945 
(0.002) 
Lln  
0.069 0.033 
8.023) 
(0.018) 
INF  
0.084 0.032 
4.962 
(0.083) 
EDU  
0.063 0.021 
3.321 
(0.190) 
Note: The full period of 1970–2010 except for UAE (1974–2010), Qatar (1978–2010), and Kuwait (1974–2010). 
 
6.5.2 Testing for unit root  
As argued in the literature, we have to take into account the potential non-stationarity 
in the data; the following two-step estimation strategy has been adopted. 
First we test the three variables: RGDP, stock of capital, and labour in production 
function, for presence of unit root. The second step depends on how many variables 
contain a unit root. If all three variables contain a unit root, a long-run relationship 
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between growth of RGDP, capital stock and labour will exist only if they are co-
integrated. The case of only one non-stationary variable is problematic because it 
implies that no stable relationship exists between inputs and output. So to check the 
stationarity of variables in our study, we have used three different techniques, 
discussed below. 
1. The augmented Dickey–Fuller 
The Augmented Dickey–Fuller (ADF) test has often been used for unit-root testing 
in previous studies. It entails running the following regression for each variable: 
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   (6.6) 
Where 0a  is drift, t represents a time trend and p is a large enough lag length to 
ensure that t  is a white noise process. Various methods such as the Akaike 
Information Criterion or the Schwarz Information Criterion can be applied to find the 
optimal p. The variable x will have a unit root in levels if we fail to reject the null 
hypothesis that 0 . 
2. Dickey–Fuller test with Generalised Least Squares (Df-GlS) for unit root test 
For DF-GLS, Elliott, Rothenberg and Stock (1996) propose an efficient test, 
modifying the Dickey–Fuller test statistic using a GLS rationale. It is shown via 
stochastic simulations that the unit root test obtained after using the GLS detrending 
procedure is more powerful than the standard Dickey–Fuller test based on OLS 
detrending. They also demonstrate that this modified test has the best overall 
performance in terms of small-sample size and power. 
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In particular, Elliott et al. find that their DF-GLS test ‘has substantially improved 
power when an unknown mean or trend is present’ (1996, p.813). This paper 
contributes to the literature, proposing a test of the unit root hypothesis that allows 
for a structural break in the trend function and uses correlated stationary covariates to 
improve power. As is standard, the break date is treated as unknown. In the DF-GLS 
test the null hypothesis is that the dependent variable follows a random walk, 
possibly with drift, while the alternative hypothesis is that the variable is stationary 
around a linear trend. The GLS test involves fitting a regression of the following 
form: 
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c  denotes a constant. 
3. Kwiatkowski–Phillips–Schmidt–Shin (KPSS) for unit root test 
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If the DF-GLS test fails to reject its null hypotheses of unit root, then the evidence 
from both tests is supportive of a unit root in the series. Kwiatkowski et al. (1992) 
derive their test by starting with the model presented in Equation (6.8): 
ttty  
'
     (6.8). 
The LM statistic can be defined as: 
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where 0f  is an estimator of the residual spectrum at frequency zero and S (t) is a 
cumulative residual function: 
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Based on the residuals )0(
^
'
^
 tty  , we point out that the estimator of   used 
in this calculation differs from the estimator for  used by GLS trending, since it is 
based on a regression involving the original data and not on the quasi-differenced 
data.  
6.6 Results of unit root test 
The results of the ADF test are presented in Table A6 in Appendix .From it we can 
conclude that RGDPon the level is non stationary and integrated of order one I(1) for 
some countries, and the unit root of null hypothesis on the level can be rejected at 
10% or less only for three countries, Algeria, Bahrain and Syria. When we take first 
difference, we fail to reject the null hypothesis for the same countries. For Kln , the 
unit-root hypothesis on the level or first difference can be rejected at 5% for Algeria, 
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UAE, Saudi Arabia, Oman and Kuwait. For Lln , the unit-root of null hypothesis on 
the level and first difference can be rejected at 5% for Algeria, Bahrain, Egypt, 
Israel, Morocco, Oman, Saudi Arabia and UAE.  
According to Nehru and Dhareshwar (1993), the regression results of production 
function expressed in terms of growth rates have one serious shortcoming: they 
measure only the short-run responses of output to changes in inputs. But the 
production function is an expression that models a long-term relationship between 
the level of output and the level of inputs. This relationship has not been explored 
because of the dangers of spurious regression resulting between non-stationary 
variables.  
Thus, we conclude that the variables of production function under the ADF test for 
some countries have unit roots; these inconclusive results regarding the stationarity 
of the variables may be due to the low sample size or perhaps to the presence of 
structural breaks. We could conclude that all the variables under study are integrated 
of different order.
23
 
Despite being widely applied, the standard (ADF) unit-root test is not efficient and 
has low power to uncover stationarity, even when the series is actually stationary. 
Therefore, this study will utilise two additional techniques, Dickey–Fuller with 
Generalised Least Squares (DF-GLS) and KPSS; and the results are reported in 
Tables 6.3 and 6.4.  
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 The ADF test is sensitive to the choice of lag length. The test fails to reject the null hypothesis even 
with up to five lags.  
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Table 6.3 and 6.4 show the results of DF-GLS and KPSS tests for the variables under 
study, in natural logarithm and first difference. Column 2 and 3 show the DF-GLS 
test for constant, and constant and intercept: for example, for Algeria the null 
hypothesis of unit root test for the specification level was rejected at 10% for lnY, 
lnK and lnL. But when we take first difference for the three variables, the results 
show that the null hypothesis of no unit root can be rejected at 1% level. The optimal 
lag length for unit root test was decided by the Schwarz Information Criterion 
(SIC).
24
 
From the DF-GLS test, we conclude that all the variables in level under the study for 
all 15 countries have unit roots; but when we take the first difference of  lnY,   
lnK and  lnL for our entire sample, it is shown that all variables are stationary (I 
(0)). Therefore, we conclude that all the variables under study are integrated of order 
one. 
Table 6.3: Dickey–Fuller GLS (ERS) for unit root test 
Country 
DF-GLS 
 
Algeria Bahrain Egypt 
C  TC &  C  TC &  C  TC &  
Yln  
0.217 -2.389 -1.529 -2.078 0.652 -2.078 
Yln  
-3.407*** -5.366*** -6.415*** -6.866*** -5.831*** -6.301*** 
Kln  
0.040 -2.120 -1.027 -1.178 0.518 -1.020 
Kln  
-2.626*** -3.770*** -6.458*** -6.843*** -5.238*** -5.271*** 
Lln  
-1.105 0.031 -1.587 -2.137 -1.226 -2.015 
Lln  
2.132** -0.927 -6.397*** -6.725*** -6.478*** -6.849*** 
 Iran Israel Jordan 
 C  TC &   TC &  C  TC &  
Yln  
-1.565 -2.044 -1.389 2.243 -1.845** -2.323 
Yln  
-6.605*** -6.925*** -6.454*** -6.877*** -6.562*** -6.853*** 
                                                 
24
 The lag length (8) is determined by Schwarz Information Criterion (SIC) (Schwarz, 1978). 
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Country 
DF-GLS 
Kln  
-0.787 -2.168 -1.509 -2.160 -1.766* -2.195 
Kln  
-6.329*** -6.638*** -6.496*** -6.833*** -6.403*** -6.703*** 
Lln  
-1.266 -2.012 -1.576 -2.101 -1.512 -2.046 
Lln  
-6.346*** -6.665*** -6.394*** -6.758*** -6.406*** -6.774*** 
 Kuwait Libya Morocco 
 C  TC &  C  TC &  C  TC &  
Yln  
-0.517 -2.030 -1.559 -2.059 -1.341 -2.023 
Yln  
-4.977*** -5.198*** -6.393*** -6.910*** -6.505*** -6.852*** 
Kln  
-0.711 -1.853 -1.534 -2.162 -1.019 -2.071 
Kln  
-3.498*** -3.667*** -6.363*** -6.747*** -6.415*** -6.775*** 
Lln  
-1.551 -2.491 -1.193 -2.089 0.587 -2.091 
Lln  
-6.318*** -6.518*** -6.180*** -6.509*** -6.412*** -6.819*** 
 Oman Qatar Saudi Arabia 
 C  TC &  C  TC &  C  TC &  
Yln  
-1.588 -2.109 0.682 -2.006 0.172 -1.587 
Yln  
-6.280*** -6.568*** -5.820*** -6.303*** -4.868*** -5.484*** 
Kln  
-1.554 -2.151 -1.956** -0.898 0.527 -2.191 
Kln  
-6.426*** -6.808*** -2.688*** -3.721*** -5.887*** -6.897*** 
Lln  
-1.507 -2.122 -1.521 -2.103 -1.460 -2.044 
Lln  
-6.411*** -6.759*** -6.455*** -6.733*** -2.662*** -1.013 
 Syria Tunisia United Arab Emirates 
 C  TC &  C  TC &  C  TC &  
Yln  
-1.403 -2.077 -1.459 -2.322 0.430 -2.098 
Yln  
-6.530*** -6.846*** -6.556*** -6.853*** -4.466*** -4.493*** 
Kln  
-1.304 -2.241 -1.320 -2.204 0.197 -2.566 
Kln  
-6.387*** -6.654*** -6.364*** -6.619*** -3.018*** -2.108 
Lln  
-1.589 -2.011 -1.672* -2.141 -0.987 -0.480 
Lln  
-6.938*** 6.382*** -6.475*** -6.814*** -2.661*** -2.891* 
Notes (i) t-statistics in parentheses; ***, **&* represent significance at 1%, 5% & 10% respectively. 
        (ii) C indicates constant, C&T indicate constant and trend 
 
Table 6.4 shows the results of the KPSS unit root test used to examine the stationary 
properties of the variables in level and first difference. Column 2 shows the constant 
without time trend for our entire sample. It can be that the null hypothesis for 
stationarity for all variables in level (natural logarithm) cannot be rejected. But when 
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we take first difference for all variables in our sample, the null hypothesis can be 
rejected at any of the significance levels. The optimal lag length for unit root test is 
decided by the Akaike Information Criterion, and the maximum lags we have chosen 
in this study are eight. 
Table 6.4: Kwiatkowski–Phillips–Schmidt–Shin (KPSS) for unit root test 
 Country KPSS 
 Algeria Bahrain Egypt 
 C  C  C  
Yln  
0.762 0.767 0.785 
Yln  
0.277*** 0.378** 0.347** 
Kln  
0.758 0.779 0.752 
Kln  
0.360** 0.318*** 0.144*** 
Lln  
0.792 0.776 0.788 
Lln  
0.530* 0.309*** 0.232*** 
 Iran Israel Jordan 
 C  C  C  
Yln  
0.741 0.799 0.762 
Yln  
0.214*** 0.292*** 0.263*** 
Kln  
0.772 0.795 0.762 
Kln  
0.290*** 0.210*** 0.284*** 
Lln  
0.790 0.791 0.874 
Lln  
0.214*** 0.230*** 0.325*** 
 Kuwait Libya Morocco 
 C  C  C  
Yln  
0.711 0.671 0.795 
Yln  
0.357** 0.330*** 0.294*** 
Kln  
0.706 0.774 0.785 
Kln  
0.364** 0.305*** 0.278*** 
Lln  
0.703 0.703 0.792 
Lln  
0.280*** 0.280*** 0.347** 
 Oman Qatar Saudi Arabia 
 C  C  C  
Yln  
0.775 0.675 0.726 
Yln  
0.289*** 0.224*** 0.149*** 
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 Country KPSS 
Kln  
0.794 0.606 0.707 
Kln  
0.322*** 0.130*** 0.334** 
Lln  
0.782 0.776 0.803 
Lln  
0.315*** 0.298*** 0.215*** 
 Syria Tunisia United Arab Emirates 
 C  C  C  
Yln  
0.792 0.799 0.715 
Yln  
0.277*** 0.272*** 0.115*** 
Kln  
0.707 0.778 0.731 
Kln  
0.434** 0.256*** 0.198*** 
Lln  
0.794 0.709 0.793 
Lln  
0.328*** 0.219*** 0.312*** 
Notes: (i) ***, ** and * imply significant at 1%, 5% and 10% level respectively 
      (ii) C implies constant without trend 
 
6.7 Co-integration testing 
Over the past few years, important advances have been made in co-integration 
techniques developed and expanded by Johansen and Juselius (1990) to estimate 
long-run relationships. The idea of using co-integration is that two or more variables 
may be regarded as defining a long-run equilibrium relationship if they move closely 
together in the long run, even though they may drift apart in the short run. This long-
run relationship is referred to as a co-integrating vector. Because there is a long-run 
relationship between the variables, a regression containing all the variables of a co-
integrating vector will have a stationary error term, even if none of the variables 
taken alone is stationary.  
Testing for co-integration is a necessary step to check if we are modelling 
empirically meaningful relationships (Gutierrez, 2003). In economic theory, two 
variables are said to be co-integrated when they have a long-term, or equilibrium, 
relationship between them (Engle & Granger, 1987); thus, we used this procedure to 
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investigate the long-run relationship between the growth of capital, labour and 
RGDP in our MENA countries. The purpose of the co-integration test is to determine 
whether a group of non-stationary series is co-integrated or not.  
To determine the number of the co-integrating vector, r, Johansen and Juselius 
describe two likelihood ratio tests. In the first test, which is based on the maximal 
eigenvalue, the null hypothesis is that there are at most r co-integrating vectors, 
against the alternative of r+1 co-integrating vectors. In the second test, which is 
based on the trace of the stochastic matrix, the null hypothesis is that there are at 
most r co-integrating vectors, against the alternative hypothesis that there are r or 
more co-integrating vectors. The first test is generally considered to be more 
powerful because the alternative hypothesis is of equality. These tests can be used to 
determine if a single variable is stationary by including only that variable in tX . 
Table 6.5 shows the results of the co-integration test for the period 1970–2010 by 
applying Johansen’s maximum likelihood technique; the second and third columns 
show the null and alternative hypotheses, while the fourth column shows max  
and Trace  test statistics. Our model for testing the long-term relationship is as 
follows: 
tttt LKY   lnlnln 21               (6.8). 
In the case of the relationship among lnY, lnK and lnL, we conclude that the null 
hypothesis of no co-integration is strongly rejected. The lag lengths are selected 
  165 
using AIC criteria.
25
 It can be seen from Table 6.5 that the trace statistics and 
maximum eigenvalues are greater than the critical value at 1% level of significance, 
except for Algeria. Hence, from the Table 6.5 one observes that there is one co-
integrating vector among the three variables included in the model. This co-
integrating relationship is further verified by the significance of both max and 
Trace  test statistics. Johansen’s maximum likelihood technique is a better 
method for testing co-integration. The asymptotic distribution of max and 
Trace  test statistics follows 2 - distribution and helps us identify the number of 
co-integrating vectors. In fact, it is also a better method than Engel–Granger two step 
procedures when the number of variables is more than two. In all the cases, the 
eigenvalue statistics drop sharply for the alternative hypothesis of three co-
integration vectors (r=3).  
When we estimate including just one lag, the null hypothesis of no co-integration is 
clearly rejected for all specifications. Based on Engle and Granger’s (1987) tests, 
however, when the number of lags is increased to four the null hypothesis of zero co-
integrating vectors cannot be rejected for any specifications. We conclude that our 
model with three variables is a fair representation for our sample comprising 15 
countries, and that a stable long-run relationship exists between the variables under 
study for the whole of our sample. 
For each country in our sample, in Table 6.5, we present the estimated long-run 
(referred to as LR estimates) relationship between lnRGDP, lnK and lnL. When we 
                                                 
25
 In general the results from Johansen’s procedure are lag sensitive. We have tested for the lag 
lengths by applying AIC. 
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do first estimation of the production function, we find non-significant results. The 
solution proposed is to add exponential time trend to the regression. We therefore re-
estimate it, including time trend (T). The results are shown in Table 6.5, and we find 
that lnk has long-run and significant positive effects on RGDPln  for Algeria, 
Bahrain, Egypt, Iran, Jordan, Kuwait, Oman, Qatar, Libya, Saudi Arabia, Syria and 
Tunisia. However, for Israel this relationship is negative and insignificant. For 
Morocco and UAE, lnk has a negative and significant effect on RGDPln . 
Additionally, the variable lnL has a mixed effect on growth of RGDP. It has a 
positive and significant effect on RGDPln  for Kuwait, Libya, Morocco, Oman, 
Qatar, Saudi Arabia, Syria and UAE. It has a negative effect on lnRGDP for Algeria, 
Bahrain, Egypt, Iran, Israel, Jordan and Tunisia. Hence, we conclude that there is 
evidence of a long-run relationship between lnRGDP, lnK and lnL for some MENA 
countries.  
6.8 Dummy variables 
In order to introduce regional dummy variables in the regressions to correct for the 
estimation bias due to the restrictive assumption of identical initial technologies for 
all sample countries, the complete sample is divided into two groups, oil exporting 
and non-oil exporting countries. We use OIL as the dummy variable for oil exporters 
based on the IMF classification of the countries, taking 1 for countries whose fuel 
exports represent 50% or more of total exports during the period 1984 to 1986, and 0 
otherwise. 
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Table 6.5: Johansen’s co-integration test based on maximum Eigen value of stochastic 
matrix: variables: lnRGDP, lnK and lnL 
Algeria Hypothesis Alternative Eigenvalue max  Trace  
Var(3) r =0 r=1 0.475 24.521* 41.431* 
 r≤1 r=2 0.329 15.213 16.901 
 r≤2 r=3 0.043 1.692 1.692 
LR 
Estimated 
lnRGDP = 7.639 + 2.023***lnK – 2.414***lnL +0.111** t 
                               (7.164)            (-3.063)           (2.790) 
Bahrain Hypothesis Alternative Eigenvalue max  Trace  
Var(3) r =0 r=1 0.995 216.187*** 218.163*** 
 r≤1 r=2 0.045 1.877 1.975 
 r≤2 r=3 0.003 0.098 0.098 
LR 
Estimated 
lnRGDP = 15.681 + 1.664***lnK – 2.628***lnL 
                                  (4.512)            (10.141) 
Egypt Hypothesis Alternative Eigenvalue max  Trace  
Var(3) r =0 r=1 0.999 333.572*** 361.289*** 
 r≤1 r=2 0.451 24.607** 27.717*** 
 r≤2 r=3 0.073 3.110 3.110 
LR 
Estimated 
lnRGDP = 3.045 + 2.624***lnK – 3.939 ***lnL+ 1.143*** t 
                                   (4.075)          (-313.248)             (11.123) 
Iran Hypothesis Alternative Eigenvalue max  Trace  
Var(3) r =0 r=1 0.992 198.143*** 241.976*** 
 r≤1 r=2 0.604 38.050*** 43.833*** 
 r≤2 r=3 0.131 3.783 3.783 
LR 
Estimated 
lnRGDP = 45.884 + 0.567**lnK – 2.576***lnL + 0.048*** t 
                               (1.983)            (14.494)            (3.346) 
Israel Hypothesis Alternative Eigenvalue max  Trace  
Var(3) r =0 r=1 0.996 229.925*** 262.341*** 
 r≤1 r=2 0.467 25.811*** 32.415*** 
 r≤2 r=3 0.148 6.604 6.604 
LR 
Estimated 
lnRGDP = 26.911- 0.105lnK - 0.792 ***lnL+ 0.067*** t 
                               (-0.415)       (6.903)          (11.203) 
Jordan Hypothesis Alternative Eigenvalue max  Trace  
Var(3) r =0 r=1 0.989 188.432*** 219.106*** 
 r≤1 r=2 0.403 21.193*** 30.673*** 
 r≤2 r=3 0.206 9.479 9.479 
LR 
Estimated 
lnRGDP = 9.254+ 0.606***lnK- 1.184***lnL+0.067*** t 
                              (8.571)           (-8.725)         (5.006) 
Kuwait Hypothesis Alternative Eigenvalue max  Trace  
Var(3) r =0 r=1 0.502 22.327*** 24.640 
 r≤1 r=2 0.061 1.999 2.313 
 r≤2 r=3 0.009 0.314 0.314 
LR 
Estimated 
lnRGDP = 0.654 +0.863***lnK + 0.167*lnL 
                             (6.332)              (1.686) 
Libya Hypothesis Alternative Eigenvalue max  Trace  
Var(3) r =0 r=1 0.991 192.434*** 213.549*** 
 r≤1 r=2 0.341 17.126*** 21.115*** 
 r≤2 r=3 0.093 3.089 3.089 
LR 
Estimated 
lnRGDP = 60.023 + 0.054*lnK + 2.768***lnL 
                                 (1.791)          (10.162) 
Morocco Hypothesis Alternative Eigenvalue max  Trace  
Var(3) r =0 r=1 0.985 172.701*** 191.477*** 
 r≤1 r=2 0.361 18.377*** 18.776*** 
 r≤2 r=3 0.009 0.399 0.399 
LR 
Estimated 
lnRGDP = 20.168 - 0.790***lnK+ 4.040***lnL 
                                 (-6.948)         (22.287) 
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Oman Hypothesis Alternative Eigenvalue max  Trace  
Var(3) r =0 r=1 0.998 280.447*** 325.141*** 
 r≤1 r=2 0.658 44.031*** 44.694*** 
 r≤2 r=3 0.016 0.663 0.663 
LR 
Estimated 
lnRGDP = 0.951+ 1.017***lnK+ 1.698***lnL+0.058*** t 
                              (9.998)             (22.371)      (14.886) 
Qatar Hypothesis Alternative Eigenvalue max  Trace  
Var(3) r =0 r=1 0.877 35.754*** 63.394*** 
 r≤1 r=2 0.696 20.261*** 27.639*** 
 r≤2 r=3 0.352 7.378*** 7.378*** 
LR 
Estimated 
lnRGDP = 2.814 + 0.131*lnK+ 1.386***lnL 
                              (1.666)          (7.057) 
Saudi 
Arabia 
Hypothesis Alternative Eigenvalue max  Trace  
Var(3) r =0 r=1 0.830 72.662*** 97.303*** 
 r≤1 r=2 0.387 20.071*** 24.632*** 
 r≤2 r=3 0.105 4.562*** 4.562*** 
LR 
Estimated 
lnRGDP = -0.617+ 1.638***lnK + 1.111***lnL 
                               (13.382)           (4.475) 
Syria Hypothesis Alternative Eigenvalue max  Trace  
Var(3) r =0 r=1 0.871 84.164*** 111.663*** 
 r≤1 r=2 0.472 26.227*** 27.499*** 
 r≤2 r=3 0.031 1.272 1.272 
LR 
Estimated 
lnRGP = 3.058 + 0.623***lnK+ 0.347***lnL 
                           (17.898)            (11.615) 
Tunisia Hypothesis Alternative Eigenvalue max  Trace  
Var(3) r =0 r=1 0.999 292.723*** 316.062*** 
 r≤1 r=2 0.289 14.037*** 23.338*** 
 r≤2 r=3 0.203 3.301 3.301 
LR 
Estimated 
lnRGDP = 3.780 + 0.363***lnK – 1.104***lnL+0.048*** t 
                               (9.542)            (-24.395)         (12.671) 
United 
Arab 
Emirates 
Hypothesis Alternative Eigenvalue max  Trace  
Var(3) r =0 r=1 0.682 38.912*** 65.835*** 
 r≤1 r=2 0.352 14.771 26.923** 
 r≤2 r=3 0.301 12.152 12.152 
LR 
Estimated 
lnRGDP = 2.315 – 2.261***lnK+ 6.148*** lnL+0.403*** t 
                                    (-6.622)          (6.173)              (5.064) 
Notes i) ***, ** and * imply significant at 1%, 5% and 10% level respectively 
       ii) Figures in parenthesis represent the t-statistics. 
 
The idea of incorporating natural resource abundance as a correlate of economic 
growth is of great appeal given the high endowment of MENA countries in this 
regard. Despite the fact that they may be a curse for long-term growth, natural 
resources may still contribute positively to growth. Oil export revenues have 
contributed to the improvement of welfare and helped finance investment in 
infrastructure and human capital in most MENA countries. In fact, many of the 
MENA oil-producing countries such as Kuwait, Bahrain, Qatar and UAE are ranked 
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among the top 45 countries in the world in terms of the United Nations’ Human 
Development Index in the 2010 Human Development Report. 
Table 6.5 provides the long-run relationship between real GDP and the inputs for all 
MENA countries and from this table one can observe that the estimates of capital and 
labour elasticities are quite similar and positive for Kuwait, Libya, Oman, Qatar and 
Saudi-Arabia, which indicates that an increase in labour or capital leads to an  
increase in economic growth. 
6.9 Error correction mechanism (ECM) 
The specifications used for estimating the growth effects of one or another growth 
enhancing variable, in both the cross-country and country-specific studies, need 
examination. Although most of these studies claim that they estimate the permanent 
long-run growth effects, there is no distinction between the permanent long-run and 
the transitory short-run growth effects of variables. Earlier we estimated the long-run 
relationship between our chosen variables. It is important for policy makers, 
especially of developing countries, to take note of short-run relationships between 
macroeconomic variables because these effects can contribute to permanent level 
effects; see Rao and Cooray (2008) for more details. To this end, we specify and 
estimate the following ECM: 
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(6.9)  
Since lnRGDP, lnK, and lnL are found to be co-integrated, we proceed to test the 
VECM, which also represents the short-run relationship among the variables under 
study. The log changes in the relevant variables represent short-run elasticity, while 
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the ECM term represents the speed of adjustment back to the long-run relationship 
among the variables. We mentioned in the previous section the importance of some 
variables such as the dummy variable and inflation.  
The present study has used annual inflation rate in order to examine the performance 
of economy. The influence of inflation on growth may be positive or negative 
(Zhang & Zou, 1988), and the oil dummy variable is used to capture the effects on 
oil-exporting countries of economic growth. 
Table 6.6 presents the results of the ECM for all 15 countries under study for RGDP 
(ΔlnRGDP), stock of capital (ΔlnK) and labour (ΔlnL). The estimated co-efficient 
shows the immediate impact of ΔlnK and ΔlnL on ΔlnRGDP. As it has been 
established that human capital is an important factor in explaining economic growth, 
we include education (EDU) as an endogenous variable. The other two endogenous 
variables are oil dummy (DUM) and inflation (INF).  
It can be seen from Table 6.6 that the ECM terms are negative and significant for all 
MENA countries except Algeria and Oman, for which they are positive and 
significant. The ECM term for Bahrain is 0.308, which suggests that ΔlnRGDP is 
corrected by 3.1% per annum. Similarly, the ΔlnRGDP is corrected by 3.6% for Iran, 
4.1% for Israel, 1.1% for Jordan, 6.1% for Kuwait, 3.2% for Libya, 2.3% for 
Morocco, 5.2% for Qatar, 1.5% for Saudi Arabia, 3.3% for Syria, 6.6% for Tunisia 
and 1.6% for UAE. The terms of short-run ECM is positive and significant for 
Algeria and Oman; the ECM terms for Algeria and Oman are 2.4 and 4.1% per 
annum respectively.  
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The short-run coefficients of Kln are positive and significant for Algeria, Egypt, 
Iran, Israel, Libya, Morocco, Qatar and Tunisia, but not significant for Bahrain, 
Jordan, Kuwait, Saudi Arabia, Syria or UAE. In the case of Oman, the coefficient of
Kln is found to be negative and not significant. Thus, we find mixed results for the 
short-run relationship between RGDPln and Kln . 
The relationship between RGDPln and Lln  can be summarised as follows: the 
short-run coefficients of Lln  are positive and significant for Algeria, Egypt, 
Morocco, Oman, Qatar and Syria, but not significant for Bahrain, Jordan, Kuwait, 
Saudi Arabia and UAE. They are negative and significant for Iran, Israel and Libya. 
We find mixed results for the short-run relationship between RGDPln and Lln .  
In the previous section we mentioned the importance of some variables such as 
DUM, INF and EDU. We include them as exogenous variables in our short-run 
relationship. The short-run coefficients of DUM are positive and significant for 
Morocco, Oman, Qatar and Syria, but not for the rest of our sample. 
In the case of inflation, the coefficient is found to be significantly negative for Iran, 
Israel, Libya, Qatar and Tunisia, but not significant for the rest of our sample. 
For the education variable (secondary school) the estimated coefficient has an 
unexpected sign and there appears to be an absence of statistically significant 
relationships in the short run between education and economic growth for some 
countries like Kuwait and Israel. This may be due to the uneven distribution of 
education. The argument is that the impact of education on productivity will be low 
if only a small proportion of the population has a high level of education while the 
majority is illiterate. To explore this issue, Lopez, Vinod, and Wang (1998) test the 
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impact of different measures of the distribution of years of education on growth. 
When we take different levels of enrolment into account, the coefficient of EDU 
becomes positive and significant for the rest of our MENA countries.  
From Table 6.6 it can be observed that Libya, Kuwait, Bahrain, Qatar and Saudi-
Arabia have similar estimates of ECM correction coefficient. Further the ECM 
coefficient estimates are negative and significant for these countries and positive for 
Algeria and Oman.  
Table 6.6: Estimated co-efficient using VECM, 1970–2010. 
Dependent variable = Yln  
 Algeria Bahrain Egypt Iran 
1tECM  
0.241*** 
(3.852) 
-0.308*** 
(-41.363) 
-0.002*** 
(-13.085) 
-0.362*** 
(-18.661) 
1ln  tY  
-0.211 
(-1.250) 
0.537* 
(1.880) 
0.230 
(1.320) 
0.352* 
(1.673) 
2ln  tY  
-0.031 
(-0.286) 
-0.062 
(-0.225) 
-0.255 
(-1.443) 
-0.058 
(-0.282) 
1ln  tK  
1.262** 
(2.914) 
0.213 
(0.417) 
0.731*** 
(3.280) 
1.620** 
(1.915) 
2ln  tK  
-0.695* 
(-1.663) 
-0.651 
(-1.180) 
-0.307 
(-1.320) 
-1.117 
(-1.086) 
1ln  tL  
-1.113 
(-0.844) 
-0.514 
(-1.503) 
0.081** 
(2.010) 
-1.356*** 
(-3.122) 
2ln  tL  
2.053*** 
(2.011) 
0.515 
(1.211) 
-0.019 
(-0.449) 
0.726 
(1.191) 
Exogenous variables 
DUM
 
0.005 
(0.374) 
-0.031 
(-0.836) 
0.011 
(1.135) 
-0.006 
(-0.239) 
INF  
0.002 
(1.041) 
-0.002 
(-0.566) 
-0.001 
(-1.129) 
-0.004** 
(-2.539) 
EDU  
0.042*** 
(3.484) 
0.157*** 
(19.685) 
0.005* 
(1.630) 
0.109*** 
(18.328) 
Constant 
-0.257*** 
(-2.444) 
-1.063*** 
(-18.095) 
0.013 
(0.674) 
-0.497*** 
(-11.881) 
2R  
0.638 0.994 0.896 0.960 
Adj. 
2R  
0.504 0..989 0.862 0.941 
Standard Error 0.019 0.052 0.020 
0.055 
AIC -4.864 -2.771 -4.713 
-2.694 
F-stat 4.765** 245.618*** 25.934*** 
50.403*** 
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Dependent variable = Yln  
 Israel Jordan Kuwait 
Libya 
1tECM  
-0.404*** 
(-37.682) 
-0.114*** 
(-41.561) 
-0.618** 
(-2.390) 
-0.328*** 
(-12.283) 
1ln  tY  
0.304 
(1.321) 
0.344 
(1.091) 
0.308 
(1.428) 
0.035 
(0.211) 
2ln  tY  
0.059 
(0.283) 
0.394 
(1.363) 
-0.325 
(1.536) 
0.396** 
(2.486) 
3ln tY   
-0.143 
(-0.809) 
 
0.257 
(1.093) 
0.437** 
(2.801) 
4ln tY   
   
-0.071 
(-0.423) 
1ln  tK  
1.068* 
(1.766) 
0.058 
(0.110) 
0.255 
(0.529) 
0.696* 
(1.762) 
2ln  tK  
0.458 
(0.659) 
-0.448 
(-0.969) 
0.003 
(0.005) 
0.645 
(0.511) 
3ln  tK  
0.771 
(1.132) 
 
-0.189 
(-0.439) 
-0.215 
(-0.365) 
4ln  tK  
   
-0.204 
(-0.352) 
1ln  tL  
-0.651** 
(-2.734) 
-0.755 
(-0.762) 
0.211 
(1.186) 
-1.261 
(-0.734) 
2ln  tL  
-0.245 
(-0.841) 
0.151 
(0.193) 
0.027 
(0.123) 
-1.671* 
(-1.797) 
3ln  tL  
-0.271 
(-0.829) 
 
-0.018 
(-0.118) 
-0.374 
(-0.381) 
4ln  tL  
   
0.195 
(0.206) 
Exogenous variables 
DUM
 
-0.008 
(-0.846) 
-0.009 
(-0.846) 
0.072 
(1.216) 
0.084 
(1.147) 
INF  
-0.001** 
(-2.127) 
-0.006 
(-0.994) 
-0.002 
(0.472) 
-0.006* 
(-1.632) 
EDU  
0.103 
(1.043) 
0.067*** 
(5.152) 
-0.009 
(-0.285) 
0.302*** 
(16.441) 
Constant 
0.005 
(0.033) 
-0.480*** 
(-4.101) 
0.023 
(0.099) 
-1.465*** 
(-19.334) 
2R  
0.994 0.988 0.598 0.958 
Adj. 
2R  
0.992 0.984 0.308 0.931 
Standard Error 0.023 0.101 0.052 0.083 
AIC -4.363 -1.514 -2.110 -1.838 
F-stat 408.054*** 252.745*** 2.062* 34.933*** 
Dependent variable = Yln  
 Morocco Oman Qatar 
Saudi Arabia 
1tECM  
-0.226*** 
(-25.425) 
0.411*** 
(39.584) 
-0.519*** 
(-5.065) 
-0.151** 
(-2.878) 
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1ln  tY  
-0.425* 
(-1.998) 
-0.213 
(-1.048) 
-0.628*** 
(-5.295) 
0.510** 
(2.590) 
2ln  tY  
-0.137 
(-0.583) 
-0.463** 
(-2.744) 
-0.536*** 
(-4.090) 
0.502** 
(2.419) 
1ln  tK  
0.605* 
(1.685) 
-0.443 
(-0.746) 
0.204*** 
(3.847) 
0.210 
(1.181) 
2ln  tK  
-0.328 
(-1.103) 
-0.887 
(-1.501) 
0.176** 
(2.840) 
0.104 
(0.785) 
1ln  tL  
0.429* 
(1.677) 
0.494 
(1.264) 
1.782** 
(3.567) 
-0.006 
(-0.014) 
2ln  tL  
-0.791 
(-1.219) 
0.995** 
(2.199) 
-2.801*** 
(-3.326) 
0.291 
(0.619) 
Exogenous variables 
DUM
 
0.043** 
(2.321) 
0.122*** 
(4.278) 
0.071*** 
(3.433) 
0.039 
(1.211) 
INF  
0.002 
(0.425) 
0.006 
(1.308) 
-0.002** 
(-2.041) 
0.003 
(0.709) 
EDU  
0.048*** 
(4.458) 
0.039*** 
(4.090) 
0.063** 
(2.613) 
0.019* 
(1.725) 
Constant 
0.135** 
(2.452) 
-0.179*** 
(-4.054) 
0.631*** 
(4.137) 
-0.176** 
(-2.059) 
2R  
0.979 0.987 0.976 0.960 
Adj. 
2R  
0.972 0..982 0.935 0.663 
Standard Error 0.039 0.061 0.013 
0.058 
AIC -3.392 -2.501 -5.573 
-2.612 
F-Stat 140.340*** 231.523*** 24.007** 
5.904* 
Dependent variable = Yln  
 Syria Tunisia 
United Arab 
emirates 
 
1tECM  
-0.334*** 
(-4.244) 
-0.667*** 
(-71.265) 
-0.157** 
(-2.482) 
1ln  tY  
0.889** 
(2.317) 
-0.023 
(-0.173) 
-0.112 
(-0.516) 
2ln  tY  
0.686** 
(2.022) 
0.089 
(0.707) 
-0.323* 
(-1.780) 
1ln  tK  
0.967 
(1.222) 
0.602* 
(1.911) 
0.218 
(0.121) 
2ln  tK  
-0.888 
(-0.833) 
-0.124 
(-0.274) 
0.514 
(0.302) 
1ln  tL  
1.963*** 
(4.544) 
-0.664 
(-1.199) 
-1.652 
(-0.924) 
2ln  tL  
0.083 
(0.077) 
-0.010 
(-0.018) 
-0.356 
(-0.205) 
3ln  tL  
-0.354 
(-0.393) 
  
Exogenous variables 
DUM
 
0.071* 
(1.925) 
0.003 
(0.031) 
0.057 
(1.401) 
INF  
-0.001 -0.007** 0.001 
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(-0.596) (-2.534) (0.284) 
EDU  
-0.073** 
(-2.440) 
0.029*** 
(9.308) 
0.046*** 
(3.017) 
Constant 
0.322** 
(2.442) 
-0.104*** 
(-3.898) 
-0.158* 
(-1.661) 
2R  
0.993 0.994 0.564 
Adj. 
2R  
0.991 0..995 0.375 
Standard Error 0.064 0.023 0.060 
AIC -2.398 -4.448 -2.012 
F-Stat 343.650*** 677.831*** 2.983* 
 
Notes: i) *, ** and *** indicate significant at 10%, 5% and 1% levels respectively. 
      ii) Figures in parenthesis represent the t-statistics 
6.10 Impulse response functions 
The impulse response function (IRF) is a practical way to represent visually the 
behaviour of RGDP (Y), stock of capital (K) and labour (L) in response to various 
shocks. Figures A7 in Appendix shows figures of IRF for our 15 countries as 
follows: 
Response of RGDP to RGDP: this exercise points to a positive reaction of RGDP to 
RGDP up to 5 years for our entire sample.  
Response of RGDP to Capital Stock (K): the IRF implies that the increase of capital 
stock could lead to increase of output for up to four or six years for some countries. 
After that the reaction becomes negative.  
Response of RGDP to labour (L): the two variables show a positive relationship up 
to the third or fourth year for Egypt, Israel, Libya and Oman, but no response for 
Qatar and Saudi Arabia. The rest of countries in our sample show a negative 
relationship up to the fourth year. 
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For all these shocks, the figures show that within the selected time horizon of 10 
periods, the variables RGDP, K and L gradually return to their initial level prior to 
the shock.  
6.11 Conclusion and policy recommendation 
The overall growth performance of the MENA countries has been mixed, and 
characterised by a high degree of volatility. Several sources of uncertainty in the 
region can explain this volatility including fluctuations in world oil prices, 
investment (capital flows) and factors contributing to socio-political instability in the 
region such as civil wars and regional conflicts like the Gulf War and Iranian 
revolution and the civil conflict which started on Fibruary 2013 in some countries 
like Libya, Tunsia and Eygpt.  
The analysis covers a sample of 15 MENA countries which all had complete data for 
all variables. 
The objective of this chapter was to see the main source of growth in the North 
Africa and Middle-Eastern countries by applying Cobb-Douglas specification, and to 
check the robustness of any relationship that might exist in the short and long run 
among the variables of interest, by applying Johansen Co-integration, Error ECM, 
and IRF. The objectives have been attained by estimating the initial capital stock by 
applying several approaches to get a series for capital (K). We test for stationarity by 
applying a conventional unit root test (ADF) without considering the existence of 
potential structural break, then test for unit root in the presence of potential structural 
break by applying two different approaches, DF-GLS and KPSS. A variety of 
specifications are estimated, using the Johansen co-integration estimation for long-
run relationships and ECM for short-run relationships by taking into consideration 
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the structural break. Both estimations provide the most reliable results for some 
countries after we include a dummy variable for oil exporting countries. 
The variables selected in this chapter for all these different estimators are 
summarised in Tables 6.1. The main conclusion is that the growth of K in some oil-
exporting MENA countries generally is faster than the growth of L in these countries. 
In the non-oil countries, labour grows faster than capital mainly due to an increase in 
population growth in these countries.  
The production function is estimated for a long run and short run; these are in line 
with those estimated in previous studies mentioned in the literature. The signs of the 
estimated coefficients of growth of K and growth of L with respect to RGDP can be 
interpreted as follows: firstly, in the long run the increases in ln K in some 
countries leads to increase in output, simply because more investment leads to 
increase in growth of RGDP. A similar result is reported by Felipe and Adams 
(2005). Secondly, the short-run relationship reported in Table 6.6 shows the ECM 
term which represents the speed of adjustment back to the long-run relationship 
among the variables for the 15 countries under study. The estimated co-efficient 
shows the immediate impact of ln , lnk L  , inflation and education on ln .RGDP  
The ECM terms turns out to be significant for all the countries in our sample. 
In the short run an increase in education, measured by secondary schooling years, is 
associated with an increase in growth of RGDP because education improves the 
skills of employees in the future. Further, an increase in education leads to increase 
in output, as shown by the estimated sign of interaction variable between education 
and RGDP in all countries except Kuwait and Syria. Thirdly, an increase in inflation 
is associated with a fall in RGDP. When we took inflation into consideration we 
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found that the sign of inflation was not as expected: it turned out to be positive and 
insignificant for countries like Algeria, Morocco, Oman, Saudi Arabia and UAE, 
while for the rest of the countries in our sample, it was found to be negative and 
significant.  
The production function estimates show that for most of the MENA countries the 
coefficient of capital is positive and significant but the coefficients vary from country 
to country. It is clear from the results that the the short-run and long-run estimates of 
the relationship between real GDP and the capital for Libya is comparable to other 
MENA countries and specifically these estimates for Libya are similar to the 
corresponding estimates for the oil producing countries like Bahrain, Qatar, Kuwait, 
Oman and Saudi Arabia. 
 The coefficient estimates for the oil dummy variable is positive for all the oil 
producing countries except Bahrain and Iran. Therefore, we can conclude that the 
growth of the oil producing MENA countries including Libya is by and large driven 
by oil exports. Furthermore, the exogenous variable education is found to have a 
positive and significant effect on economic growth for all countries excluding Syria 
and Kuwait. 
The empirical analysis carried out in this chapter has clearly underlined the 
importance of economic reforms, human capital, physical capital and labour for 
improving the growth prospects of the economies. These factors have been shown to 
have a powerful impact on growth. They have greatly contributed to the growth 
process in our sample of MENA countries. An original contribution of this chapter 
has been to also bring to light new empirical evidence about the impact of economic 
reforms on economic growth. Furthermore, our findings seem to be supported by the 
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historical development outlined in this and the previous chapters. In the process of 
writing this chapter we had to face some data issues. First, the data used in this study 
could be updated. For some of the variables such as labour force and gross fixed 
capital formation, data was unavailable. In some cases we filled the missing data by 
interpolating, using data available for the adjacent years. A second limitation we 
faced was that we were only able to focus on a limited set of the 15 countries. It is 
clear that for objective estimations and the use of more solid econometric techniques, 
a larger sample is needed. 
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CHAPTER 7  
CONCLUSION AND FURTHER RESEARCH 
7.1 Introduction 
In recent decades there has been an explosion of empirical studies on economic 
growth, and a growing concern with finding the relationship between growth, 
inflation and unemployment. Most countries aim to make positive growth in their 
economy and reduce unemployment and inflation. This is not an easy task, even in 
developed countries, not only because every country is affected by external pressures 
and issues that impact on internal growth policies, but because growth, inflation and 
unemployment have a complex relationship in which one may negatively affect 
another. Most studies which have been mentioned in the literature reviews found 
trade-offs between those three fundamental variables at the macroeconomic level. 
This thesis examines these relationships in the Libyan economy by using different 
methodologies in the short and long run. 
Also, the new debate is characterized by the interest in the determinants of growth, 
and there is contrast between those who consider the accumulation of capital as the 
key factor for growth and those who emphasise the centrality of Total Factor 
Productivity. This dispute marks the boundary line between neoclassical approaches 
and endogenous growth theory models. 
It is clear that the Libyan economy and selected countries in the MENA region differ 
in terms of their historical economic development and in their formation of economic 
institutions; in other words, the sample is not homogenous in terms of input factors 
which affect growth performance in both the short and long run. Consequently, 
variations in economic growth cannot be attributed solely to differences between 
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growth of RGDP, growth of labour and quality of education in these countries. Given 
this caveat, our findings support the view that using these factors is useful in 
estimating the production function of these countries. 
The Solow–Swan model anticipates that aggregate output depends on the quantities 
of physical capital and labour input. However, empirical research shows that the 
primary source of economic growth is the level of technology being used. The 
mechanisms that produce new technology and enhance human capital formation are 
widely discussed in the studies on economic growth. Both theoretical models and 
empirical research show that, in addition to learning by doing, education is one of the 
main instruments by which to improve human capital. For developing economies, as 
Barro and Lee (2012) stress, well-educated human resources can facilitate the 
absorption of advanced technology. 
This thesis examines the relationship in Libya between the three mainstream 
macroeconomic variables: economic growth, unemployment and inflation; it 
examines the determinants of growth in the long run in Libya economy, and finally, 
it estimates the aggregate production function for fifteen nearby countries.  
A summary of finding of economic growth in Libya and the selected MENA 
countries, and the implications for policy makers, are summarised below, followed 
by suggestions for further research in this area.  
7.2 Summary of findings and policy implications 
The historical and economic analysis for Libya presented in Chapter 3 examines how 
significant changes in the structure and characteristics of the country. Such as the 
growth of population and of the labour force, and fluctuations in oil prices, have 
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impacted on GDP growth over the last two decades. The ratios of Libyan population 
and labour have increased substantially, and the education level of Libyans for both 
genders has significantly improved, and the ratio of employees in various jobs has 
witnessed moderate changes.  
It should be noted that there are several limitations in this study. The scope of study 
was constrained due to the difficulty in obtaining data on GDP, employment and CPI 
for some countries; hence many potential variables such as gdp gap, unemployment 
gap and inflation expectation also could not be constructed for these countries. 
Furthermore, due to the irregularity of data for important variables such as GDP, 
physical capital and labour, forecasting, back casting, and extrapolation has been 
used quite frequently for constructing these variables. If consistent data on important 
variables for Libya and MENA countries become available in the future, the 
reliability of the results derived in this thesis can be futher improved.  
Our analysis, presented in Chapter 4, shows that unemployment data were non-
stationary at level and non-stationary in the first difference due to structural breaks in 
the economy in 1973 and 1984. The break point test was performed and the analysis 
conducted for two periods, one from 1974 to 2009 and the other from 1962 to 2009, 
to estimate the short-run and long-run relationships between the aggregate variables 
of inflation, unemployment and output. Two dummy variables were included to the 
models, and showed significant impact on some selected variables. The analyses 
indicate a negative relationship between unemployment and RGDP in the short and 
long run, and finds trade-offs between inflation and unemployment in the short and 
long run. It finds a long-run relationship between RGDP and inflation, but no 
evidence of a short-run relationship. These findings provide useful guides to 
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monetary and fiscal authorities; for example, they indicate that it may be possible to 
control inflation indirectly by stabilising the growth rate of GDP.   
The public sector in Libya is the main source of employment, but the employment 
opportunities available in this sector are not enough to absorb the vast pool of 
unemployed labour. Ultimately the potential of an economic sector to create 
employment depends on its composition and on the technology it uses. Capital-
intensive technology across all sectors of an economy may accelerate growth but 
they contribute little to employment creation.  
Unobserved components analysis involving such elements as potential GDP, natural 
rate of unemployment and expected inflation were used to estimate the relationship 
between inflation, output and unemployment trade-offs in Libya. To determine the 
robustness of estimating the natural rate of unemployment, Hedrick and Prescott 
(HP) and Kalman filter models were utilised. Four different models were applied: 
Johansen co-integration, vector error correction mechanism, generalised method of 
moment regressions system and ordinary least squares. These estimated the 
relationship between inflation and unemployment, output and RGDP, and inflation 
and output. Inflation was found to have a negative effect on unemployment, a finding 
that is supported in previous studies, and and aligns with the framework of the 
Phillips curve: there is trade-off between expected inflation and the unemployment 
gap in Libya. There is also an inverse relationship between RGDP and the 
unemployment gap, which matches well with the framework provided by Okun’s 
Law. The third relationship, estimated between expected inflation and output, does 
not show any effect of expected inflation on output. The empirical findings of both 
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GMM and OLS confirm that there is no evidence of a relationship between those two 
variables.  
We carried out our investigations using two different models, and both confirm the 
existence of evidence for a relationship between inflation and unemployment, RGDP 
and unemployment, and inflation and output. Libya is a textbook example of the 
working of the Phillips curve and Okun’s Law in showing a significant relationship 
between inflation and unemployment and RGDP and unemployment.  
In Chapter 5 a theoretical model is developed for estimating the physical capital for 
the aggregate of production function and the estimation of TFP for Libya during 
1962–2009. The long-run relationships between TFP and selected macroeconomic 
variables are estimated by and unrestricted VAR approach and IRF.  
The behaviour and the growth of TFP has been found to vary from one phase to 
another. Interestingly, Libya, an oil-exporting country, has negative growth of TFP. 
This fact is corroborated by our own estimates and by those of the few studies which 
have provided estimates for TFP growth rates for countries in the MENA region (e.g. 
Nehru & Dhareshwar, 1993). Some key determinants of TFP for Libya were found 
by using one lag of the ratios of GDP; trade oppens, foreign direct investment and 
government expenditure, which have significant positive effects. Economic reforms 
from 1973 also had a significant positive effect, but inflation rate had negative 
effects on TFP. Although the average rate of growth of per capita output during 2000 
to 2009 was 3.3%, the average TFP was 0.17%.  
In Chapter 6, the aggregate of production function was estimated by applying the 
Cobb–Douglas specification for fifteenMENA countries over the period 1970–2010. 
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Physical capital was estimated, as well as education enrolment as a proxy of human 
capital. The primary intent in including education was to examine the effects of 
different education levels on MENA economic growth. Again we used different 
approaches to estimate the initial capital stock, and several rates of depreciation were 
considered to get significant results. Following previous studies, we opted to use a 
rate of 5%. Our findings regarding physical capital are in line with other recent 
studies that reveal a high share of physical capital in developing countries.  
Different methods were also used to estimate the production function, including 
Johansen co-integration, ECM and IRF, to estimate long-run and short-run 
relationships. The main finding is that education, in general, has a positive and 
significant effect on economic growth when this relationship is examined with 
different variables, for all the MENA countries except Kuwait and Syria. However, 
the main finding is that the growth of capital in some oil-exporting countries is faster 
than the growth of labour, while in non-oil exporting countries the growth of labour 
is faster, due to increases in population growth and the labour force.  
7.2.1 Policy implications 
The findings in Chapter 4 suggest that the Libyan economy, dominated by its public 
sector, should be opened to the private sector. The dependence on oil revenue should 
be lessened; flourishing productive sectors of the economy such as service, or 
petroleum-based manufacturing industries, should be encouraged to grow. If a 
country’s policy environment is such that its labour-intensive industries (or sectors) 
have a greater incentive to grow at faster rates, the growth achieved will be 
employment-intensive. All that would be needed to achieve such a result would be to 
ensure that the policy environment is conducive to the growth of more labour-
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intensive sectors in the economy. It is known that greater trade openness leads 
labour-abundant countries to specialise in the production and export of goods which 
intensively utilise their abundant workforce. As the weight of such labour-intensive 
industries increases there should be a concomitant rise in the employment intensity 
of output all over the economy. This process should continue until the surplus is 
exhausted. To achieve this trade sector should be opened more than it has been in the 
past. Additionally, the policymakers and monetary policy in Libya must pay 
attention to the function shown by the Phillips curve, that rapidly reducing 
unemployment tends to increase the inflation rate; there is also a choice to be made 
between high GDP growth to reduce the high rate of unemployment (Okun’s Law), 
as the slope of the inflation–unemployment function in our results implies that 
inverse movements of magnitude in the unemployment rate are likely to be important 
in the economic and social spheres as well. These findings indicate to policymakers 
in Libya that if they would like to decrease the unemployment rate by approximately 
3.6% they should expect to see inflation rise by 1% per annum. 
Chapter 5 illustrates that it is not possible to sustain such a growth rate in the long 
run because it is entirely a matter of factor accumulation. To increase growth rate to 
double in the future, it is necessary to increase TFP and maintain the contribution of 
factor accumulation to growth. Since factor accumulation proves the most important 
component of output growth, economic policies should be designed to increase the 
participation of labour supply, which can spur economic growth. Policies to increase 
TFP can be implemented in the short to medium term; and policy makers should 
focus on policies that improve trade openness because these will increase TFP in 
Libya.  
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Chapter 6 examines the production function and its components with particular 
emphasis on the experience of developing MENA countries. The factor of 
accumulation (labour and capital) differs from country to country in our sample. For 
some countries like Tunisia, Algeria, Egypt, Jordan and Morocco, if economic policy 
is to increase economic growth in long run, it should focus on capital. In contrast, 
countries like Bahrain, Iran, Libya, Oman, Qatar and Saudi Arabia should 
concentrate on labour. 
7.3 Limitaions of the study and areas for further research 
This Thesis has estimated the relationship between inflation, economic growth and 
unemployment, and investigated the trade-offs between RGDP-unemployment, 
inflation-unemployment; and inflation-output. The study moves from an examination 
of Libya to a consideration of 15 countries from North Africa and the Middle East to 
estimate the production function in the short and long run for the peiod 1970 to 2009. 
The findings of this thesis are limited because of the lack of data on output, labour, 
physical, and measure of human capital for some MENA countries; hence we had to 
drop countries for which the relevant data was unavailable. Future study can focus on 
the entire MENA region, once the data becomes available on growth affecting 
variables for MENA countries not included in the sample considered in this thesis. 
The measurement of inputs, especially physical and human capital, is somewhat 
problematic and involves many assumptions. As a measure of the labour input, the 
total hours worked obtained by multiplying employment times the average hours 
actually worked serves as a reasonable proxy for the flow of labour services. 
However, in the absence of detailed data on total hours worked as in the case of the 
MENA economies, researchers opt to use either labour force or total economically 
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active population (population between the ages 15–64). In this thesis, we use the 
total labour force as our measure of the labour input. 
The following questions deserve further investigation: 
- How within-region variations in physical capital, labour and the role of 
humans effect economic growth 
- How does the influence of the state and its institutions affect economic 
growth?  
- What are the impacts of external and internal shocks on economic growth?  
Finding answers to these questions would give us an insight as to how economic 
policies, institutions, politics and other country specific characteristics affect the way 
the factors of productions are used and combined. Further, it would also be useful to 
analyse the way ultimate and proximate determinants of growth interact in each 
country. This would allow for a more extensive list of variables to be incorporated 
for studying their impact on economic growth. Finally, once data related to political 
instability in MENA  countries such as Libya, Tunisia and Egypt becomes available, 
future research could focus on how political instability have affected economic 
growth in these countries. 
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APPENDIX  
Table A1: Critical value of different unit root test
#
 
 ADF PP 
KPSS 
 C C & T C C &T C 
C &T 
1% level -3.621 -4.147 -3.577 -4.165 0.739 
0.216 
5% level -2.943 -3.517 -2.925 -3.508 0.463 
0.146 
10% level -2.610 -3.185 -2.600 -3.184 0.347 
0.119 
Source: Eviews 8 
# Unit root test include intercept (C) and trend.(T) 
 
Table A2:  Chow breakpoint test 
                    Chow breakpoint for Unempln test 
Years   F-statistic 
2
(2) 
1973  33.96 (0.000) 
  44.52 (0.000) 
1984  35.15 (0.000) 
 45.54 (0.000) 
 
Figure A1: Break point, 1973 
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Figure A2: Estimated the output gap by Hodrick-Prescott filter (lambda=100). 
 
 
Figure A3: Estimated natural unemployment rate and unemployment gap by Hp Filter 
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Figure A4: Estimated unemployment gap applying HP and Kalman filters 
 
 
Table A3: Selected-order criteria 
LAG AIC HQIC SBIC 
0 -1.518 -1.473 -1.398 
1 -6.349* -6.171* -5.872* 
2 -6.300 -5.987 -5.463 
Note: Endogenous: FDIRAT, GRAT AND TRAT 
      Exogenous: Constant 
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Figure A5: Human capital growth 
 
 
Figure A6: Trend of the determinants of TFP  
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Figure A7: Impulse response function for selected variables 
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Figure A8: Impulse Response Function for selected variables and countries  
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Table A4: Critical value of different unit root tests
#
 
 ADF DF-GLS 
KPSS 
 C C & T C C &T 
C 
1% level -3.621 -4.147 -2.618 -3.770 
0.739 
5% level -2.943 -3.517 -1.948 -3.190 
0.463 
10% level -2.610 -3.185 -1.612 -2.890 
0.347 
Source: Eviews 7 calculation 
Notes: the lag length of ADF and KPSS a test are AIC, but for DF-GLS is SIC 
# Unit root test include intercept (C) and trend (T), but for KPSS test we report constant only (C). 
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Table A5: Definition of variables and sources: World Bank, IMF, KILM, Penn World 
Bank, UN and Barro–Lee data 
Variables Definition Source 
RGDP (Y) 
Real gross domestic product. GDP at 
purchaser’s prices is sum of gross value added 
by all resident producers in the economy plus 
any product taxes and minus any subsidies not 
included in the value of products. The value in 
constant us 2000 US dollars. 
World development 
indicators(WDI)2010 
CPI Consumer price at constant year of 2005 
World development indicators, 
2010 
INF 
Inflation rate 
 
World bank national account 
data( world development 
indicators, 2010) 
INV(GFCF) Real investment from (IRAT*RGDP)/100 
World bank ( world development 
indicators, 2010 
K 
Capital stock; derived using perpetual 
inventory method ( depreciation =0.05) 
11)1(   ttkt KKK   
World development indicators 
2010 
Dummy 
This is oil dummy variables take a value of 0 
for oil MENA countries when there are 
changes in oil prices and one otherwise. 
Computed by author 
EDU 
Average years of secondary schooling among 
population aged over 25 years 
 
Barro and Lee (2010) database 
K 
Capital stock; derived using perpetual 
inventory method 
tt IKK  95.0*0  
tI is real gross domestic fixed investment 
(the depreciation is 0.05) 
International monetary fund 
(IMF) database, 2010 
L 
Labour force, total labour force; the 
economically active population. It includes 
both the employed and unemployed who their 
aged between 15 to 65 
International labour organisation, 
using world bank population 
estimates 
POPG Annual population growth rate 
World bank staff estimates from 
various sources including census 
reports (world development 
indicators, 2010) 
Source:  World Bank, IMF, KLM and Penn World Tables 5.6 (PWT5.6). 
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Table A6: Augmented Dickey–Fuller (ADF)  
Country ADF 
 Algeria Bahrain Egypt 
 C  TC &  C  TC &  C  TC &  
Yln  -4.278*** -3.626*** -5.439*** -4.908*** -2.652 -4.078*** 
Yln  -8.691*** -9.879*** -6.362*** -6.906*** -5.831*** -6.301*** 
Kln  1.602 -2.120 -1.027 -1.178 0.608 -1.020 
Kln  -1.492 -1.549 -1.432 -1.084 -5.238*** -5.271*** 
Lln  -1.302 2.599 -1.687 -1.137 -1.226 -2.015* 
Lln  -1.395 0.025 -1.342 -1.225 -2.478 -6.849*** 
 Iran Israel Jordan 
 C  TC &  C  TC &  C  TC &  
Yln  -1.565 -2.044 -1.389 4.243*** -1.686 -5.323*** 
Yln  -6.505*** -6.925*** -6.454*** -6.877*** -6.562*** -6.853*** 
Kln  -0.687 -2.168 -1.509 -7.160*** -4.966** -8.195*** 
Kln  -6.329*** -1.538 -2.186 -6.833*** -6.403*** -6.703*** 
Lln  -1.466 -2.012* -1.676 -7.101*** -2.312 -7.046*** 
Lln  -6.346*** -1.665 -2.394* -6.758*** -6.406*** -6.774*** 
 Kuwait Libya Morocco 
 C  TC &  C  TC &  C  TC &  
Yln  -2.517 -7.030*** -2.559 -2.059 -1.341 -5.023*** 
Yln  -4.977*** -5.198*** -6.393*** -6.910*** -6.505*** -6.852*** 
Kln  -2.511 -9.853*** -1.534 -2.162* -0.919 -7.071*** 
Kln  -3.098 -3.667*** -6.363*** -6.747*** -6.415*** -6.775*** 
Lln  -2.351 -3.491*** -1.193 -9.089*** -5.587*** -8.091*** 
Lln  -6.318*** -6.518*** -6.180*** -6.509*** -6.412*** -6.819*** 
 Oman Qatar Saudi Arabia 
 C  TC &  C  TC &  C  TC &  
Yln  -1.588 -8.109*** 0.682 -2.006 0.172 -1.587 
Yln  -6.280*** -6.568*** -5.820*** -6.303*** -4.868*** -5.484*** 
Kln  -3.654** -7.151*** 0.956 -0.898 9.527*** -6.191*** 
Kln  -6.426*** -6.808*** -2.688* -3.721*** -5.887*** -6.897*** 
Lln  -5.607*** -8.122*** -2.121 -2.103 0.460 -2.044 
Lln  -6.411*** -6.759*** -1.455 -6.733*** -2.262 -1.013 
 Syria Tunisia United Arab Emirates 
 C  TC &  C  TC &  C  TC &  
Yln  -5.803*** -6.077*** -1.759 -9.322*** 1.330 -2.098 
Yln  -6.530*** -6.846*** -6.556*** -6.853*** -4.466*** -4.493*** 
Kln  -9.804*** -7.241*** -1.320 -5.204*** -2.197 -2.566* 
Kln  -6.387*** -6.654*** -6.36 -6.619*** -2.018 -2.108* 
Lln  -6.689*** -7.011*** -1.672 -6.141*** -0.987 -5.480*** 
Lln  -6.938*** 6.382*** -1.475 -6.814*** -2.661** -6.791*** 
Notes (i) t-statistics on parentheses; ***, **&* represent significance at 1%, 5% & 10% respectively. 
(ii) C indicates constant, C&T indicate constant and trend 
 
 
